' LIQUID CRYSTAL DISPLAY DEVICE, 
LIQUID CRYSTAL DISPLAY DEVICE DRIVING METHOD, AND 
LIQUID CRYSTAL PROJECTOR APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Fields of the Invention 

[01] The present invention relates to a liquid crystal display device and a method of driving 
the same, and a liquid crystal projector apparatus, and more particularly, to a liquid crystal 
display device and a method of driving the same, and a liquid crystal projector apparatus, 
wherein video signals of a sub-frame are made into video signals having a predetermined 
polarity with respect to an electric potential of a counter electrode of a pixel matrix. 

2. Description of the Related Art 

[02] Liquid crystal display devices are one type of electronic display device. Liquid crystal 
display devices having an active matrix type liquid crystal display device and a high performance 
display quality are generally used as monitors for PCs and liquid crystal display devices for a 
projector. In the active matrix type liquid crystal display device, TFTs (Thin Film Transistors) 
as active devices are provided in pixels, respectively, (hereinafter referred to as pixel TFTs) to 
thereby construct a liquid crystal panel. 

[03] A liquid crystal panel using polysilicon TFTs as TFTs of the active matrix type liquid 
crystal display device has a superior advantage in that a part of a peripheral circuit can be formed 
on a glass substrate concurrently with the pixel TFTs. 

[04] Because of this superior advantage, many liquid crystal panels using the polysilicon TFTs 
are used in liquid crystal display devices for which miniaturization and high definition are 
required. 



[05] In particular, in a liquid crystal display device for a projector for which high definition 
equal to or more than 1,024 x 768 pixels is required in a liquid crystal display device having a 
diagonal size equal to or smaller than 1 inch (2.54 cm), the only type of liquid crystal display 
devices utilized are those having a liquid crystal panel using polysilicon TFTs. 
[06] High picture quality is required for a liquid crystal display device for a projector in order 
to enlarge and project small images on a screen having a diagonal size of about 100 inches. This 
degree of picture quality is equal to or higher than that of a liquid crystal display device for a PC. 
In order to obtain this high picture quality, it is necessary to increase luminance and contrast. 
[07] Generally for driving a liquid crystal device, A.C. driving is used in which the polarity of 
a voltage applied to a pixel is changed every frame. In accordance with this A.C. driving, it is 
possible to avoid the disadvantage which occur when a D.C. voltage is applied to liquid crystal 
molecules. 

[08] Generally, the A.C. driving used in the liquid crystal display device for a projector is a 
gate line inversion driving. This gate line inversion driving is a driving method in which the 
polarity of a voltage applied to a gate line is alternately changed on every other row of a liquid 
crystal pixel matrix, and moreover, the polarity thereof is inverted in frames. 
[09] In accordance with this driving method, there is provided a superior advantage in that the 
flicker can be reduced, and moreover, the longitudinal crosstalk due to the leakage currents in 
pixel TFTs can also be reduced. 

[10] However, if a liquid crystal display device is operated by utilizing the gate line inversion 
driving method, then the video signals applied to pixels belonging to a particular gate line 
precedingly driven within a pixel matrix are different in polarity from those video signals applied 
to pixels belonging to a gate line which is subsequently driven. Hence, a large transverse electric 
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field is generated between the pixel electrodes. The transverse electric field in this case means 
the electric field generated in a direction with which the pixel electrodes extend along a glass 
substrate or a liquid crystal layer. 

[11] The transverse electric field disturbs the orientation of liquid crystal molecules in a pixel 
boundary portion, thereby causing light leakage. If light leakage is caused, then the contrast is 
remarkably reduced and the picture quality is degraded. 

[12] As means for avoiding generation of the above-mentioned transverse electric field, 
heretofore, a metal or the like which does not transmit light is arranged in a portion of generation 
of the above-mentioned light leakage in order to block the leakage light, thereby preventing a 
reduction in contrast. 

[13] The provision of the above-mentioned metal or the like reduces the pixel area and 
reduces an aperture rate. For this reason, in the liquid crystal display device for a projector 
requiring a high definition panel in which a pitch of pixels is smaller than 30 pm, the use of 
metal or the like for avoiding the generation of the transverse electric field becomes a serious 
problem. 

[14] Another means for avoiding the generation of a transverse electric field, is a frame 
inversion driving method. 

[15] This frame inversion driving method is a driving method in which all the polarities of 
video signals supplied to all pixels within a pixel matrix (hereinafter referred to as pixel signals) 
are set so as to be identical to one another, and the polarity is inverted every frame. 
[16] The description hereinbelow will be given with respect to an example in which a liquid 
crystal display device using polysilicon TFTs as pixel TFTs is driven by utilizing the frame 
inversion driving method. 
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[17] Fig. 1 shows a structure of a liquid crystal display device using polysilicon TFTs as pixel 
TFTs. This liquid crystal display device is structured so that pixels PEy in which pixel TFTs (a), 
storage capacities (b) and pixel electrodes (c) are arranged in intersections between 
longitudinally distributed data lines Dj (n is one of 1, 2, n) and transversely distributed gate 
lines Gj (i is one of 1, 2, m), respectively, to form a matrix. A data driver circuit 112 and a 
gate driver circuit 1 14 are arranged in the periphery of the pixel matrix 1 16. The data driver 
circuit 1 12 is the circuit for driving the data lines, and the gate driver circuit 1 14 is the circuit for 
driving the gate lines. 

[18] The data driver circuit 112 includes switch arrays 119 g (g is one of 1, 2, P, and P is the 
number of blocks) each serving to individually sample pixel signals supplied through 6 video 
signal wirings (hereinafter referred to as pixel signal lines) SI to S6 to corresponding six data 
lines, respectively, and a scanning circuit 121 for supplying ON/OFF control signals SP g to the 
switch arrays 1 19 g , respectively. In other words, the data driver circuit 1 12 is the circuit in 
which each of the switch arrays 119 g is composed of six analog switches, and which serves to 
carry out the block division driving for simultaneously sampling six pixel signals supplied 
through the six pixel signal lines SI to S6, respectively, with the six analog switches as one unit, 
i.e., as one block. 

[19] Timing charts when the above-mentioned liquid crystal display device for a projector is 
subjected to the frame inversion driving are shown in Fig. 2 and Fig. 3. Fig. 2 is a timing chart 
in a frame in which pixel signals each having a polarity positive with respect to an electric 
potential V com of a counter electrode of the pixels in the pixel matrix are written, and Fig. 3 is a 
timing chart in a frame in which pixel signals each having a polarity negative with respect to the 
electric potential V com of the counter electrode of the pixels in the pixel matrix are written. 



[20] In Fig. 2 and Fig. 3, DCLK1 and DCLK2 are respectively control clock pulses which are 
supplied to a shift register (not shown) constituting the scanning circuit 121. The control clock 
pulse DCLK2 is obtained by inverting the control clock pulse DCLK1. SP g .i, SP g and SP g+ i are 
respectively ON/OFF control signals which are generated from the shift register in the scanning 
circuit 121 to which the control clock pulses DCLK1 and DCLK2 are supplied. 
[21] The pixel signals supplied through the pixel signal wirings SI to S6 are respectively 
sampled by the switch arrays 1 19 g which are turned ON/OFF in accordance with the ON/OFF 
control signals SP g , respectively, to be outputted to the corresponding six data lines to thereby be 
used in the display for the pixels. 

[22] Japanese published application JP 10-197894 discloses a driving method in which when 
TFTs for switching are poor in characteristics in a liquid crystal display device for carrying out 
the block division driving, the number of data lines included in a block is increased to realize the 
high speed operation. 

[23] In addition, a method of manufacturing a polysilicon FET, and a technique for changing a 
structure to attain a high speed operation for frame inversion driving are described in Japanese 
published application JP 2001-228457 A. 

[24] As described above, the polarities of the pixel signals on the data lines used in display for 
the pixels are identical to one another within at least one frame time period. 
[25] For this reason, if the above-mentioned frame inversion driving is carried out, then a 
mean value of the pixel signals applied to all the data lines greatly fluctuates depending on the 
pixel signals. The fluctuation of the mean value causes a difference in the potential fluctuation 
of the gate lines coupled to the data lines through the parasitic capacities, and the counter 
electrode. As a result, there is a technical problem in that transverse crosstalk is generated. 
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[26] In addition, since a mean value of the pixel signals applied to the data lines within one 
frame (sub-frame) also fluctuates depending on the pixel signals, there is a technical problem in 
that longitudinal crosstalk is generated. 

SUMMARY OF THE INVENTION 
[27] An object of the present invention is to provide a liquid crystal display device and a 

method of driving the same, and a liquid crystal projector apparatus, in each of which the 

transverse crosstalk and longitudinal crosstalk generate in the conventional frame inversion 

driving can be greatly reduced. 

[28] According to a first aspect of the present invention, a liquid crystal display device driving 

method wherein the liquid crystal display device comprises a pixel matrix having pixels 

including gate lines, data lines disposed orthogonally to the gate lines, pixel transistors arranged 

in intersections between the gate lines and said data lines disposed lengthwise and crosswise, a 

data driver circuit for supplying video signals from a video signal corresponding to a first pixel 

time period up to a video signal corresponding to a final pixel time period to different data lines 

every horizontal time period, a gate driver circuit for supplying a gate signal to a corresponding 

gate line every horizontal time period, a matrix substrate on which the data driver circuit and the 

gate driver circuit are formed, a liquid crystal sandwiched between the matrix substrate and a 

counter substrate on which a counter electrode common to all the pixels on the matrix substrate 

is arranged, wherein the data driver circuit is comprised by N switching blocks each having M 

switching elements, a scanning circuit for outputting an open/close control signal for each 

switching block, and M x P (P is a natural number) video signal wirings forming one set of the M 

x N video signals from the video signal corresponding to a first pixel time period up to the video 

signal corresponding to a final pixel time period within the horizontal time period as one set; 

-6- 



wherein 'said M' video signal wirings of an i-th set (one of i = 1, 2, . . . , P) of the M x P video 
signal wirings are respectively connected to input terminals of the M switching elements of the i- 
th switching block, when viewed from the first switching block, every P sets of switching blocks 
from the first switching block up to the final switching block of the N switching blocks; and 
wherein said data lines are divided into blocks each having the M data lines, and the M data lines 
of each block are respectively connected to output terminals of said M switching elements within 
each of the switching blocks from a first switching block up to a final switching block of the N 
switching blocks defined in blocks from a first block up to a final block, an outputting step 
wherein the scanning circuit outputs the open/close control signal synchronously with the M 
video signals supplied successively every P sets, successively every set of the P sets and 
simultaneously within the set through the M x P video signal wirings in an arbitrary horizontal 
time period, a sampling step wherein the M video signals, which are supplied successively every 
P sets, successively every set of the P sets and simultaneously within the set, being respectively 
sampled to the M data lines connected to the M switching elements which are caused to 
simultaneously conduct in the M switching elements of the switching block, and a writing step 
wherein the M video signals that are sampled individually being respectively written to the M 
pixels of the set including the M pixel transistors which are caused to simultaneously conduct 
through the M pixel transistors of the set every set of M pixel transistors which are connected to 
the gate lines through which the gate driver circuit supplies the gate signal during the arbitrary 
horizontal time period and which are caused to simultaneously conduct, the method being 
characterized in that: at a time instant when a first time period of a conduction time period when 
each of the M switching elements is in the conducting state elapses from a time instant of start of 
the conduction of the M switching elements of the switching block which are formerly caused to 
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simultaneously conduct with the open/close control signal supplied from the scanning circuit, the 
open/close control signal is supplied from the scanning circuit to the switching block in which 
the M switching elements are to be caused to simultaneously conduct on the heels of M 
switching elements of the switching block which are formerly caused to simultaneously conduct 
with the open/close control signal supplied from the scanning circuit; and the M video signals 
supplied through the M video signal wirings for each set of the P sets are the video signals the 
polarity of which is changed with respect to the counter electrode between the first time period 
and a second time period as the remaining time period of the conduction time period following 
the first time period. 

[01] According to a second aspect of the present invention, a liquid crystal display device 
comprises a pixel matrix having pixels including gate lines, data lines disposed in vertical 
direction to the gate lines, and pixel transistors arranged in intersections between the gate lines 
and the data lines disposed lengthwise and crosswise, a data driver circuit for supplying video 
signals from a video signal corresponding to a first pixel time period up to a video signal 
corresponding to a final pixel time period to different data lines every horizontal time period, a 
gate driver circuit for supplying a gate signal to a corresponding gate line every horizontal time 
period, a matrix substrate on which the data driver circuit and the gate driver circuit are formed, 
a liquid crystal sandwiched between the matrix substrate and a counter substrate on which a 
counter electrode common to all the pixels on the matrix substrate is arranged, wherein the data 
driver circuit is comprised by N switching block each having M switching elements, a scanning 
circuit for outputting an open/close control signal for each switching block, and M x P (P is a 
natural number) video signal wirings forming one set of said M x N video signals from the video 
signal corresponding to a first pixel time period up to the video signal corresponding to a final 
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pixel tinte period within the horizontal time period as one set; □ said M video signal wirings of an 
* * » • 

i-th set (one of i = 1, 2, . . ., P) of the M x P video signal wirings are respectively connected to 
input terminals of the M switching elements of the i-th switching block, when viewed from the 
first switching block, every P sets of switching blocks from the first switching block up to the 
final switching block of the N switching blocks; and wherein said data lines are divided into 
blocks each having the M data lines, and the M data lines of each block are respectively 
connected to output terminals of said M switching elements within each of the switching blocks 
from a first switching block up to a final switching block of the N switching blocks defined in 
blocks from a first block up to a final block, the scanning circuit for outputting the open/close 
control signal synchronously with the M video signals supplied successively every P sets, 
successively every set of the P sets and simultaneously within the set through the M x P video 
signal wirings in an arbitrary horizontal time period, the M video signals, which are supplied 
successively every P sets, successively every set of the P sets and simultaneously within the set, 
being respectively sampled to the M data lines connected to the M switching elements which are 
caused to simultaneously conduct in the M switching elements of the switching block, and the M 
video signals that are sampled individually being respectively written to the M pixels of the set 
including the M pixel transistors which are caused to simultaneously conduct through the M 
pixel transistors of the set every set of M pixel transistors which are connected to the gate lines 
through which the gate driver circuit supplies the gate signal during the arbitrary horizontal time 
period and which are caused to simultaneously conduct, wherein at a time instant when a first 
time period of a conduction time period when each of the M switching elements is in the 
conducting state elapses from a time instant of start of the conduction of the M switching 
elements of the switching block which are formerly caused to simultaneously conduct with the 
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open/cldse conttol signal supplied from the scanning circuit, the open/close control signal is 
supplied from the scanning circuit to the switching block in which the M switching elements are 
to be caused to simultaneously conduct on the heels of M switching elements of the switching 
block which are formerly caused to simultaneously conduct with the open/close control signal 
supplied from the scanning circuit; and wherein the M video signals supplied through the M 
video signal wirings for each set of the P sets are the video signals the polarity of which is 
changed with respect to the counter electrode between the first time period and a second time 
period as the remaining time period of the conduction time period following the first time period. 
[30] According to the present invention, in the sub-frame inversion driving method using the 
pixel signals of the positive or negative polarity with respect to the electric potential of a counter 
electrode constituting the pixel matrix, there is carried out the block sequential driving in which 
there is repeatedly carried out every block the operation in which: the pixel signals of a 
predetermined number of phases are divided into a predetermined number of blocks; for a time 
period which does not substantially participate in the display of the predetermined number of 
pixel signals within each block, the pixel signals of the polarity opposite to the pixel signals of 
the positive or negative polarity with respect to the electric potential of the counter electrode are 
applied to the data lines, respectively; the pixel signals of the positive or negative polarity with 
respect to the electric potential of the counter electrode continue to be applied to the data lines, 
respectively, until a time instant of the sampling after a lapse of the above-mentioned time 
period; and the pixel signals of the positive or negative polarity with respect to the electric 
potential of the counter electrode are sampled at a time instant of the sampling to be held in the 
floating capacities of the corresponding data lines, respectively, whereby the pixel signals held in 
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the data lines, respectively, are held in the corresponding pixel electrodes and storage capacities, 
respectively, to thereby cause the display on the pixels. 

[31] As a result, when the pixel signals of the positive or negative polarity with respect to the 
electric potential of the counter electrode constituting the pixel matrix are written to the pixels 
through the data lines, respectively, the fluctuation of the signal voltages on the data lines is 
averaged to reduce quantities of voltage fluctuations of all the data lines. 
[32] Consequently, the transverse crosstalk which is caused in the conventional frame 
inversion driving is greatly reduced. 

[33] In addition, as described above, prior to the application of the pixel signals to the data 
lines defined in blocks, the pixel signals of the polarity opposite thereto are necessarily applied to 
the corresponding data lines, respectively, a predetermined number of times for the horizontal 
time period. Thus, the same effects as those in the conventional precharge driving are obtained 
without taking a special precharge time period, and hence the longitudinal crosstalk is greatly 
reduced. 

[34] In addition, before a time instant when a predetermined number of pixel signals of a 
preceding block are sampled to the data lines, respectively, by a predetermined time period, the 
above-mentioned predetermined number of pixel signals of the same polarity of a block just 
following the preceding block are applied to the data lines, respectively. Thus, it is possible to 
greatly reduce signals (noises) which burst from the data line belonging to a block just following 
a preceding block into the data line belonging to a preceding block adjacent to that data line 
concerned, and also it is possible to largely reduce the generation of the longitudinal streak 
nonuniformity. 
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[35] Moreover, in addition to the above-mentioned effects, the flicker becomes difficult to be 
detected since one frame is divided into a predetermined number of sub-frames in order to drive 
the pixel matrix. 

[36] Further, the reduction in voltage due to the leakage currents of the pixel TFTs as a factor 
of generation of the flicker becomes small as the frame time period becomes so short as the sub- 
frame time period. The reduction in voltage is decreased, whereby the level of the flicker can be 
suppressed to a low level and the reduction of the flicker can be synergistically attained. 
[37] While these effects are achieved, enhancement of an aperture ratio obtained in the frame 
inversion driving is obtained at the same time. 

[38] One frame is divided into a predetermined number of sub-frames in order to drive the 
pixel matrix so that the same pixel signals are written to the same pixel electrodes a 
predetermined number of times. Consequently, the effect in which even if a capacity change is 
generated in the pixel capacities, the insufficient electric charges are filled up to prevent a 
decrease in strength of the electric field applied to the liquid crystal layer to thereby enhance the 
operating speed of the liquid crystal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[39] Fig.l is a diagram showing a configuration of the conventional liquid crystal display 

device. 

[40] Fig.2 is a detailed timing chart of a data driver of the liquid crystal display device, and a 
timing chart with which pixel signals of a positive polarity with respect to an electric potential of 
a counter electrode are supplied to a pixel matrix. 
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4 

[41] Fig.3 is'a detailed timing chart of a data driver of the liquid crystal display device, and a 
timing chart with which pixel signals of a negative polarity with respect to the electric potential 
of a counter electrode are supplied to a pixel matrix. 

[42] Fig. 4 is a diagram showing a configuration of a liquid crystal display device according to 
a first embodiment of the present invention, 

[43] Fig. 5 is a diagram showing an external driving circuit for supplying signals to the liquid 
crystal display device. 

[44] Fig. 6 is a diagram showing a configuration of a data driver of the liquid crystal display 
device. 

[45] Fig. 7 is a diagram showing a configuration of a gate driver of the liquid crystal display 
device. 

[46] Fig. 8 is a timing chart of the data driver of the liquid crystal display device. 
[47] Fig. 9 is a detailed timing chart of the data driver of the liquid crystal display device, and 
a timing chart with which pixel signals of a positive polarity with respect to an electric potential 
of a counter electrode are applied to a pixel matrix. 

[48] Fig. 10 is a timing chart of the gate driver of the liquid crystal display device, and a 
timing chart showing polarities of pixel signals for each sub-frame. 

[49] Fig. 1 1 is a diagram showing an external driving circuit for supplying signals to a liquid 
crystal display device according to a second embodiment of the present invention. 
[50] Fig. 12 is a detailed timing chart of the data driver of the liquid crystal display device, 
and a timing chart with which pixel signals of a negative polarity with respect to an electric 
potential of a counter electrode are supplied to a pixel matrix. 
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[5i] Fig. 13 is a diagram showing a configuration of a liquid crystal display device according 
to a third embodiment of the present invention. 

[52] Fig. 14 is a diagram showing an external driving circuit for supplying signals to the liquid 
crystal display device. 

[53] Fig. 15 is a diagram showing a configuration of a data driver of the liquid crystal display 
device. 

[54] Fig. 16 is a timing chart of the data driver of the liquid crystal display device. 

[55] Fig. 17 is a detailed timing chart of the data driver of the liquid crystal display device. 

[56] Fig. 18 is a diagram showing an external driving circuit for supplying signals to a liquid 

crystal display device according to a fourth embodiment of the present invention. 

[57] Fig. 19 is a detailed timing chart of a data driver of the liquid crystal display device. 

DETAILED DESCRIPTION OF THE INVENTION 
[58] Illustrative, non-limiting embodiments of the present invention will hereinafter be 

described with reference to the accompanying drawings. 

[59] [First Embodiment] 

[60] An active matrix type liquid crystal display device 10 according to a first embodiment 

(hereinafter referred to as a liquid crystal display device) comprises a pixel matrix 12, a data 

driver 14, and a gate driver 16 as shown in Fig. 4. In the crystal display device 10, a pixel matrix 

is subjected to sub-frame inversion driving, and when the pixel matrix is subjected to block 

sequential driving every sub-frame, pixel signals each having a polarity opposite to that of pixel 

signals, and pixel signals each having an original polarity are applied to data lines within a block 

concerned, respectively, and the pixel signals each having the original polarity are sampled to be 

held in floating capacities of the corresponding data lines, respectively. Thereby, it is possible to 
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drastically redtfce generation of transverse crosstalk, longitudinal crosstalk and the like due to the 
conventional frame inversion driving. The liquid crystal display device 10, as shown in Fig. 5, is 
supplied with pixel signals, a control pulse and a power source voltage from a signal source (a 
personal computer (PC) or the like) 102 through an external driving circuit 104. 
[61] The pixel signals supplied from the signal source 102 are temporarily written to a frame 
memory 106 and then read out therefrom. A reading speed is a speed at which one frame can be 
divided into a predetermined number of sub-frames. If the number of sub-frames is 4, then the 
reading speed is four times as high as the writing speed. In an illustrative embodiment of the 
present invention, the number of sub-frames is 4. 

[62] Pixel signals which have been read out at a high speed from the frame memory 106 are 
subjected to V-T correction for correcting nonlinear distortion of an applied voltage- 
transmittance of liquid crystal and the y correction for picture quality adjustment in a V-T 
correction/ y correction circuit 108. Each of the pixel signals for which these corrections have 
been made is time-divided into signals of 12 phases every sub-frame in a phase 
development/polarity inversion circuit 110 to be outputted. 

[63] The format of the signal which is subjected to the time division in the phase 
development/polarity inversion circuit 110 is such that with respect to the first six phases of 12 
phases, 6 pixel signals in a horizontal direction are simultaneously outputted (in parallel with one 
another), and next, with respect to the latter half 6 phases, next 6 pixel signals in the horizontal 
direction are simultaneously outputted. This process is sequentially continued up to the final 
pixel signal in the horizontal direction every 12 pixel signals. 

[64] The above-mentioned "next" means a relationship in which at a time instant after a lapse 
of a half period of a period of a first horizontal clock pulse DCK1 (which is described later) from 
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a time ifistant of a start of a signal time period tP of 6 pixel signals contained in a sequential 
block and are to be simultaneously outputted, 6 pixel signals which are contained in a block just 
following the block concerned which are to be simultaneously outputted are started to be 
outputted. 

[65] Then, the same time division output operation for every 6-pixel signals in the horizontal 
direction is successively carried out every 6 pixel signals in the horizontal direction. The 6 pixel 
signals become the pixel signals, which are to be applied to 6 data lines (block), respectively, 
which will be described in more detail below. 

[66] Every 6 pixel signals will be successively written as one block to the pixel matrix 12 of 
the liquid crystal display device 10. When writing one block, sampling by corresponding switch 
array that will be described later is carried out. Then, switch ON-time when the switch array 
concerned is held in an ON state is to n 2 (which is described later). 

[67] For the front time period of the switch ON-time t on 2, the above-mentioned 6 pixel signals 
inputted in parallel with one another each have a polarity opposite to that of 6 pixel signals each 
having a positive polarity with respect to an electric potential of a counter electrode 27 of the 
pixel matrix 12. For a time period from a time instant after an elapse of the above-mentioned 
front time period to a time instant of end of the above-mentioned switch ON-time t on2 , the above- 
mentioned 6 pixel signals inputted in parallel with one another are the pixel signals each have a 
positive polarity with respect to the electric potential of the counter electrode 27 of the pixel 
matrix 12. 

[68] The pixel signals of 12 phases having such a signal format are supplied from the phase 
development/polarity inversion circuit 110 to the liquid crystal display device 10. 
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[69] Iti response to a horizontal synchronous signal VSYNC for video signals, a start pulse 
DSTP for a horizontal direction, a first clock pulse for a horizontal direction (called a first 
horizontal clock pulse) DCK1, a second clock pulse for a horizontal direction (called a second 
horizontal clock pulse) DCK2, a first decode pulse (called a first horizontal decode pulse) DEC1, 
and a second decode pulse for a horizontal direction (called a second horizontal decode pulse) 
DEC2 are generated from the control pulse generating circuit 112. Also, in response to a vertical 
synchronous signal VSYNC for video signals, a start pulse GSTP for a vertical direction, a first 
clock pulse for a vertical direction (called a first vertical clock pulse) GCK1 and a second clock 
pulse for a vertical direction (called a second vertical clock pulse) GCK2 are generated from the 
control pulse generating circuit 112. These pulse signals are all supplied to the liquid crystal 
display device 10. 

[70] The first horizontal clock pulse DCK1 has a period of 2T H /P + 1 (T H is a horizontal time 
period of a sub-frame, and P is the number of blocks which is described later). The second 
horizontal clock pulse DCK2 is generated by inverting the first horizontal clock pulse DCK1 
(refer to DCK1 and DCK2 of Fig. 9). 

[71] In addition, the first horizontal decode pulse DEC1 has the same period as that of the first 
horizontal clock pulse DCK1, and its leading edge is identical to a leading edge of the first 
horizontal clock pulse DCK1. When a time period when the first horizontal decode pulse DEC1 
rises to be held at the high level is determined as the above-mentioned switch-ON time t on 2 (in 
Fig. 9, time instants of its start are T k -i, T k , T k+ i and the like, and time instants of its end are T' k _i, 
T k , T' k +i and the like), the first horizontal clock pulse DCK1 is held at the low level for a time 
period t c from a time instant of end of the switch-ON time t on 2 up to a time instant of end of the 
period of the first horizontal clock pulse DCK1. 
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[72] The second decode pulse DEC2 has the same period as that of the second horizontal 
clock pulse DCK2, and its leading edge is identical to a leading edge of the second horizontal 
clock pulse DCK2. Also, when a time period when the second decode pulse DEC2 rises to be 
held at the high level is determined as the above-mentioned switch-ON time t on 2, the second 
decode pulse DEC2 is held at the low level for a time period t c from a time instant of end of the 
switch-ON time t on 2 to a time instant of end of the period of the second horizontal clock pulse 
DCK2. 

[73] As shown in Fig.7, the first vertical clock pulse GCK1 is generated so as to have a time 
period (corresponding to a period) which is obtained by dividing the vertical time of a sub-frame 
by the number of gate lines. The second vertical clock pulse GCK2 is generated by inverting the 
first vertical clock pulse GCK1. 

[74] A power source voltage generating circuit 1 14 is a circuit for generating various voltages 
to be supplied to the pixel matrix 12, the data driver 14 and the gate driver 16 of the liquid 
crystal display device 10. 

[75] As shown in Fig.4, the data driver 14 and the gate driver 16 are formed in the periphery 
of the pixel matrix 12 on a matrix substrate constituting the pixel matrix 12. The counter 
electrode common to all the pixels on the matrix substrate is arranged on a counter substrate, and 
liquid crystal is sandwiched between the matrix substrate and the counter substrate. 
[76] The pixel matrix 12 of the liquid crystal display device 10 is formed by arranging pixels 
18ij in intersections between data lines Dj (j is one of 1, 2, n) which are longitudinally 
arranged and gate lines Gi (i is one of 1, 2, m) which are transversely arranged. The pixels 
18ij are constituted by pixel TFTs 22y, storage capacities 24ij, and pixel electrodes 26ij. Drains of 
the pixel TFTs 22y are connected to the data lines Dj, gates thereof are connected to the gate lines 
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G\[ and Sources* thereof are connected to one electrodes of the pixel electrodes 26y and the 
storage capacities 24jj, respectively. An electric potential V com of the counter electrode is 
powered to the other electrodes of the counter electrode 27 and the storage capacities 24y. 
[77] The data driver 14 includes a scanning circuit 32 for outputting an ON/OFF control signal 
SP k every 6 data lines (corresponding to the above-mentioned block) B (k -i )+ i (k is one of 1, 2, 
P, P is the number of blocks and 1 is one of 1, 2, 6), a switch array 34 having P switch arrays 
34 k each adapted to simultaneously turn ON/OFF 6 switches in accordance with the ON/OFF 
control signal SP k , 12 video signal wirings (hereinafter referred to as pixel signal lines) SI to 
S12. The pixel signal lines SI to S6 of the 12 pixel signal lines SI to S 12 are respectively 
connected to input terminals of the 6 switches of each of the odd numbered switch arrays, and 
the pixel signal lines S7 to S12 of the 12 pixel signal lines SI to S 12 are respectively connected 
to input terminals of the 6 switches of each of the even-numbered switch arrays. 
[78] Any of the pixel signal lines supplies therethrough a video signal corresponding to a pixel 
time period (hereinafter referred to as a pixel signal), and thus, the 12 pixel signal lines SI to S12 
successively supply therethrough the pixel signals from the first pixel signal up to the final pixel 
signal every two blocks described above and every horizontal time period. 

[79] Then, 6 output terminals of the 6 switches of each of the odd-numbered switch arrays are 
respectively connected to the data lines corresponding to each of the odd-numbered blocks, and 6 
output terminals of the 6 switches of each of the even-numbered switch arrays are respectively 
connected to the data lines corresponding to each of the even-numbered blocks. 
[80] The scanning circuit 32 includes a DFF circuit 36 having P D type flip-flop circuits 
(hereinafter referred to as DFFs) constituting a shift register and connected to one another in a 
cascade style, and a waveform shaping circuit 38. 
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[81] As shovfrn in Fig.6, a start pulse DSTP is supplied to the first stage DFF 36i of the P 

ft A 

DFFs 36 k connected to one another in a cascade style. A period of the start pulse DSTP becomes 
a horizontal time period when the pixel signals for one row of the sub-frame are written to the 
pixels for one row of the pixel matrix. 

[82] Then, a first control clock pulse DCK1 is supplied to each of the odd-numbered DFFs of 
the cascade-connected P DFFs 36k, and a second control clock pulse DCK2 is supplied to each of 
the even -numbered DFFs. 

[83] The waveform shaping circuit 38, as shown in Fig. 6, includes one NAND circuit 40 k 
which is arranged so as to correspond to the cascade-connected P DFFs 36k, and three stages of 
inverters 42 k , 44 k and 46 k which are cascade-connected every NAND circuit 40 k . 
[84] A first horizontal decode pulse DEC1 is supplied from the control pulse generating 
circuit 112 of the external driving circuit 104 (Fig. 5) to each of the odd-numbered NAND 
circuits 40 k , and a second horizontal decode pulse DEC2 is supplied from the control pulse 
generating circuit 112 of the external driving circuit 104 to each of the even-numbered NAND 
circuits 40 k . 

[85] As described above, a timing of the first horizontal clock pulse DCK1 and a timing of the 
fist horizontal decode pulse DEC1 are set so that a trailing edge of the fist horizontal decode 
pulse DEC1 occurs before a leading edge within a period of a next first horizontal clock pulse by 
a predetermined time period t c . 

[86] Accordingly, a time period when the first horizontal decode pulse DEC1 is held at the 
high level is shorter than a time period of the first horizontal clock pulse by the predetermined 
time period tc- 
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[87] A relatibnship between the fist horizontal clock pulse DCK1 and the first horizontal 
• * it 

decode pulse DEC1 is also applied to a relationship between the second horizontal clock pulse 
DCK2 and the second horizontal decode pulse DEC2. 

[88] However, the leading edges of the fist horizontal decode DEC1 and the second horizontal 
decode pulse DEC2 are regulated by the leading edge of the first horizontal clock pulse DCK1 
and the leading edge of the second horizontal clock pulse DCK2, respectively. Hence, the fist 
horizontal decode pulse DEC1 and the second horizontal decode pulse DEC1 are shifted in turn 
from each another by a half period of a period of each of the first horizontal clock pulse DCK1 
and the second horizontal clock pulse DCK2. 

[89] Output terminals of the P inverters 46 k are connected to control input terminals of the 
corresponding switch array 34k, respectively. 

[90] As shown in Fig.7, the gate driver 16 includes cascade-connected 2m DFFs 48n and 48i 2 
(i is one of 1, 2, m, and m is the number of gate lines), and two stages of inverters 50* and 52j 
which are cascade-connected to nodes between output terminals of the DFFs 48 i2 and input 
terminals of the DFFs 48(i+i)i, respectively. Output terminals of the inverters 52{ are connected 
to the gate lines Gi , respectively ♦ 

[91] A start pulse line 54 of a sub-frame is connected to a data input terminal of the first 
DFF48i i, and a first vertical clock pulse line 56 with respect to the sub-frame is connected to a 
clock input terminal thereof. An output terminal of the DFF48n is connected to a data input 
terminal of the DFF48i2> and a second vertical clock pulse line 58 with respect to the sub-frame 
is connected to a clock input terminal thereof. 

[92] Hereinbelow, similarly, output terminals of the DFFs 48 ( M)2 of the preceding stages are 
connected to data input terminals of the cascade-connected odd-numbered DFFs 48n (i in this 
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case is ohe of 2', m), respectively, and a first horizontal clock pulse line 56 is connected to 
clock input terminals thereof. 

[93] In addition, outputs of the DFFs 48* i of the preceding stages are connected to data input 
terminals of the cascade-connected even-numbered DFFs 48n (i in this case is one of 2, m), 
and a second vertical clock pulse line 58 is connected to clock input terminals thereof. 
[94] Next, an operation of this embodiment will hereinbelow be described with reference to 
Figs. 4 to 10. 

[95] In this embodiment, the pixel signals for one frame are divided into predetermined, e.g., 4 
sub-frames in the phase development/polarity inversion circuit 110, and the pixel signals for two 
blocks are supplied to every sub-frame through the pixel signal lines SI to S 12 in accordance 
with the time division format as described above. 

[96] Upon start of the operation of the data driver 14, DFF36i, DFF36 2 , DFF36 Q+1 are 
reset, and signals at the low level are outputted from their output terminals, respectively. 
[97] The start pulse DSTP, and the first horizontal clock pulse DCK1 and the second 
horizontal clock pulse DCK2 which regulate the above-mentioned blocks, the first horizontal 
decode pulse DEC1 and the second decode pulse DEC2 are supplied from the control pulse 
generating circuit 1 12 to the data driver 14. 

[98] In addition, the start pulse GSTP, the first vertical clock pulse GCK1 and the second 
vertical clock pulse GLK2 are supplied from the control pulse generating circuit 112 to the gate 
driver 16. 

[99] In the data driver 14 to which the start pulse DSTP, the first horizontal clock pulse DCK1 
and the second horizontal clock pulse DCK2, the first horizontal decode pulse DEC1 and the 
second horizontal decode pulse DEC2 are supplied, in response to a first leading edge of the first 
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horizontal clock pulse DCK1, the start pulse DSTP is set in DFF36j. As a result, an output 
signal SRI of the DFF36i makes transition from the low level to the high level. 
[100] Then, since upon supply of a second leading edge of the first horizontal clock pulse 
DCK1 (forward transition) to DFF36i, the start pulse DSTP goes to a low level so that DFF36i is 
set to the low level, an output signal SRi of DFF36i goes to the low level at a time instant of the 
above-mentioned forward transition. This output signal SRI is left at the low level until a next 
start pulse DSTP is inputted. 

[101] This is also applied to each of DFFs in and after DFF36 2 . However, output signals of 
DFFs of the preceding stages are supplied to data input terminals of DFFs, respectively. 
[102] Output signals from DFFk-i, DFF k and DFFr+i of DFFs are shown in the form of SR^, 
SR k and SR k+ i of Fig. 9, respectively. SR k _i, SR k and SR k+ i of Fig. 9 exhibit output signals of (k- 
l)-th DFF 36 k _i, k-th DFF 36 k and (k+l)-th odd-numbered DFF 36 r +i of the cascade-connected k 
DFFs, respectively. 

[103] Logical products between output signals SRi, SR3, ... outputted from the odd-numbered 
DFFs of DFF36i, DFF36 2 , DFF36 P , and a first horizontal decode pulse DEC1 are carried out 
in the corresponding NAND circuits 40i, 40 3 , respectively, and logical products between 
output signals SR2, SR 4 , ... outputted from the even-numbered DFFs of DFF36i, DFF36 2 , 
DFF36p, and a second horizontal decode pulse DEC2 are carried out in the corresponding NAND 
circuits 40 2 , 40 4 , respectively. 

[104] In such a manner, the signal which has been outputted from the NAND circuits 40i ,40 2 , 
40 P after carrying out the logical product concerned therewith in the NAND circuits 40\ ,40 2 , 
40p is outputted in the form of ON/OFF control signal SP k from the inverter 46 k through three 

stages of inverters 42 k , 44 k and 46 k cascade-connected to the corresponding NAND circuit. 
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[105] Since thfe first horizontal clock pulse DCK1 and the first horizontal decode pulse DEC1 
are set so as to meet the timing relationship as described above, the leading edges of the odd- 
numbered ON/OFF control signals SPi, SP 3 , ... of the ON/OFF control signals SPi, SP 2 , SP P , 
as shown in Fig. 6, agree with the leading edges of the first horizontal clock pulse DCK1, 
respectively. Then, any of the trailing edges of the first horizontal clock pulse occurs before a 
leading edge within a period of a next first horizontal clock pulse by a predetermined time period 

tc- 

[106] This relationship is also applied to a relationship between a leading edge and a trailing 
edge of the even-numbered ON/OFF control signals SP 2 , SP4, and a leading edge of a second 
horizontal clock pulse and a leading edge of a horizontal clock pulse next to that second 
horizontal clock pulse. 

[107] The ON/OFF control signals SPi, SP2, SP P are supplied to the corresponding switch 
arrays 34i, 34 2 , 34 P to turn ON/OFF the switches of the switch arrays concerned, respectively. 
[108] A time period from turn-ON of the switches of the switch array 34i to turn-OFF of the 
switches of the switch array 34p corresponds to one horizontal time period of one sub-frame. For 
the horizontal time period, the gate pulses are supplied from the gate driver 16 to the 
corresponding gate lines. These gate pulses are illustrated as Gm, G*, and G l+ \ in Fig. 5, and as 
Gi,G 2 ,G 3 , ...,G m inFig. 10. 

[109] Next, an operation of the gate driver 16 will be described hereinbelow. Upon start of the 
operation of the gate driver 16, DFF48 n , DFF48i 2 , DFF48 ml , DFF48 m2 are reset, and a signal 
at a low level is supplied to each of their output terminals. 

[110] A start pulse GSTP which is obtained by dividing a vertical time period of a vertical 
pulse VSYNC regulating a vertical time period of the pixel signals for one frame (the pixel 
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signals for one Screen) into four parts is supplied from the control pulse generating circuit 1 12 
through the start pulse line 54. 

[Ill] In addition, the first vertical clock pulse GCK1 and the second vertical clock pulse GCK2 
are supplied from the above-mentioned control pulse generating circuit 112 through the first 
vertical clock pulse line 56 and the second vertical clock pulse line 58, respectively. 
[112] Initially, The start pulse GSTP inputted to a data input terminal of the DFF48n, is set in 
DFF48n with a leading edge of the first vertical clock pulse GCK1, and then is set in DFF48i 2 
with the second vertical clock pulse GCK2. 

[113] Since the start pulse GSTP goes to a low level until the next first vertical clock pulse 
GCK1 rises, DFF48n is set and a signal at a high level generated at an output terminal of 
DFF48 U becomes a signal at the low level with a leading edge of a next first vertical clock pulse 
GCK1. 

[114] At the time when an output signal of DFF 48n has become the low level and a next 
second vertical clock pulse GCK2 has risen, DFF48i2 is set and a signal at the high level 
generated at the output terminal thereof becomes a signal at the low level. 
[115] The output signal of DFF 48 12 which has been changed from the low level over to the 
high level to be changed over to the low level is outputted through the inverters 50i and 52i, 
whereby a pulse which is held at the high level for the first horizontal time period of the sub- 
frame is outputted to the gate line Gl (Gl in Fig. 10). 

[116] An output signal of DFF 48 12 which has been changed from the low level over to the high 
level to be changed from the high level over to the low level, i.e., the start pulse GSTP which has 
been captured in DFF48i 2 to be outputted is captured in DFF48 2 i with the first vertical clock 
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pulse GCK1 to'be outputted. Then, the outputted pulse is captured in DFF4822 with the second 
vertical clock pulse GCK2 to be outputted. 

[117] Similar to the process for outputting the pulse which is held at the high level for a first 
horizontal time period from DFF48i2 to the gate line Gl through the inverters 50\ and 52 u the 
pulse outputted from DFF4822 is outputted in the form of a pulse which is held at the high level 
for a second horizontal time period (G2 in Fig. 10) to the gate line G2 through the inverters 502 
and 52 2 . 

[118] Hereinbelow, similarly, a pulse outputted from DFF48i2 (i in this case is one of 3, 4, 
m) is outputted in the form of a pulse which is held at the high level for an i-th horizontal time 
period to the gate line Gi through the inverters 50i and 52i. 

[119] As described above, a first pixel signal within a first horizontal time period of a first sub- 
frame (its sub-frame time period is T s n (Fig. 10)), and pixel signals at intervals of 2n/K pixel 
signals from the pixel signal concerned are successively supplied to the pixel signal line SI, and 
a second pixel signal within a first horizontal time period of the sub-frame, and pixel signals at 
intervals of 2n/K pixel signals from the second pixel signal are successively supplied to the pixel 
signal line S2. Hereinbelow, similarly, ON/OFF control signals SP k are successively supplied 
from the scanning circuit 14 of the data driver 14 to the ON/OFF control lines 46 k , and also a 
gate pulse Gl is supplied from the gate driver 16 to the gate line Gl for a first horizontal time 
period in parallel with the operation in which supply of an 1-th pixel signal within a first 
horizontal time period of the sub-frame and successive supply of pixel signals at intervals of 
2n/K pixel signals from an 1-th pixel signal (1 in this case is one of 3, 4, 12) are 
simultaneously earned out. 
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[120] thus, af the time when the array switch 34! has been turned ON (at the time when the 6 
switches constituting the array switch 34 x have been simultaneously turned ON) with the first 
ON/OFF control signal SPi used to cause the block sequential driving, the first pixel signal to the 
sixth pixel signal within the first horizontal time period constituting a sub-frame simultaneously 
supplied through the pixel signal lines SI to S6, respectively, are simultaneously supplied to the 
data lines Di to D 6 through these 6 switches, respectively. On the other hand, at the time when 
array switch 34 x has been turned OFF, the above-mentioned first to sixth pixel signals are 
sampled to the corresponding data lines Di to D 6 to be held in floating capacities of the data lines 
Di to D 6 , respectively. 

[121] For a time period from the simultaneous supply of the first to sixth pixel signals to the 
data lines Di to D 6 to the above-mentioned sampling, the above-mentioned first to sixth pixel 
signals are continued to be applied to the pixel electrodes from the pixel electrode 26 n to the 
pixel electrode 26i 6 , and to storage capacities from a storage capacity 24 n to a storage capacity 
24 16 through TFTs from TFT22 n to TFT22i 6 which have been turned ON by the simultaneous 
supply of the first to sixth pixel signals, respectively. 

[122] Thus, for time periods which do not substantially participate in the display of the 
corresponding pixels (exhibited by t<k-i>i. t k and the like in Fig. 5), as shown in SI to S6 of Fig. 9, 
the first pixel signal to the sixth pixel signal which are applied to the data line Di to the data line 
D 6 , respectively, are the signals which are opposite in polarity to the first pixel signal to the sixth 
pixel signal each having a positive polarity with respect to the electric potential of the counter 
electrode 27 of the pixel matrix 12 and inputted to the liquid crystal display device. 
[123] However, for time periods which substantially participate in the display of the 
corresponding pixels (exhibited by t (k .,) 2 , and the like in Fig. 8), the first pixel signal to the 
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sixth pixel signal which are applied to the data line Di to the data line D 6 , respectively, are 
identical in polarity to the first pixel signal to the sixth pixel signal which are applied to the 
liquid crystal display device and each of which has the positive polarity with respect to the 
electric potential of the counter electrode 27 of the pixel matrix 12. 

[124] Accordingly, the voltage fluctuation component of each of the first to sixth pixel signals 
which are held in the floating capacities of the data lines Dj to D 6 after the sampling is cancelled 
by a value determined on the basis of the ratio between the signal time periods of the above- 
mentioned two kinds of pixel signals every data line of the data lines Di to D6. As a result, the 
above-mentioned quantities of voltage fluctuations are reduced. 

[125] A similar sampling and holding operation is caused for the data line D6(k-n+i to the data 
line D6(k-i)+6 by turning ON the array switch 34 k in accordance with the k-th ON/OFF control 
signals SP k (k in this case is one of 2, 3, P) of the block sequential driving. 
[126] In this case as well, for time periods which do not substantially participate in the display 
of the corresponding pixels (exhibited by t(k-i>i, tki and the like in Fig. 9), the pixel signals which 
are applied to the data line D 6 (k-i)-»-i to the data line D6( k -i)+6, respectively, are opposite in polarity 
to the corresponding pixel signals which are applied to the liquid crystal display device and each 
of which has the positive polarity with respect to the electric potential of the counter electrode 27 
of the pixel matrix 12. 

[127] In addition, for time periods which substantially participate in the display of the 
corresponding pixels (exhibited by t (k _i)2, tk2 and the like in Fig.9), the pixel signals which are 
applied to the data line D 6 (k-i)+i to the data line D6(k-i)+6, respectively, are identical in polarity to 
the corresponding pixel signals which are inputted to the liquid crystal display device and each 
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of which has thb positive polarity with respect to the electric potential of the counter electrode 27 
of the pixel matrix 12. 

[128] Accordingly, a voltage fluctuation component of each of the 6 pixel signals which are 
sampled in a manner as described above to be held in the floating capacities of the data line D6(k- 
i) + i to the data line D6(k-i)+6> respectively, is cancelled by a value determined on the basis of the 
ratio between the signal time periods of the above-mentioned two kinds of pixel signals for every 
data lines from the data line D 6(k .i) + i to the data line D6(k-n+6- As a result, the above-mentioned 
voltage fluctuation quantity is reduced. 

[129] Then, at a time instant of end of the first horizontal time period after the operation for 
sampling and holding for each block has been completed up to the final block, the corresponding 
pixel signals which are applied to from the pixel electrodes from the pixel electrode 26 u to the 
pixel electrode 26\6 to the pixel electrodes from the pixel electrode 26i ( 6(p.i)+i) to the pixel 
electrode 26i( 6 (p-i)+6)> and to from the storage capacities from the storage capacity 24 u to the 
storage capacity 24i6 to the storage capacities from the storage capacity 24i ( 6(p-i)+i) to the storage 
capacity 24i(6(p-i)+6), respectively, are sampled in response to a trailing edge of the gate pulse 
applied to the gate line Gl to be applied and held in the corresponding pixel electrodes and 
storage capacities, respectively. 

[130] The display corresponding to the pixel signals which are applied and held is caused on 
the corresponding pixels. 

[131] That display is continued until the first horizontal time period of a next sub-frame (its 
sub-frame time period is T S f2 (Fig. 7)) has come and then at a time instant of end of the first 
horizontal time period, the sampling which is the same as that of the foregoing is carried out. 
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[132] The aboVe-mentioned operation for the first horizontal time period is repeatedly carried 
out by the number of horizontal time periods constituting a sub-frame. 
[133] In addition, with respect to other sub-frames constituting a frame as well, the same 
operation is repeatedly carried out. 

[134] The driving in these sequential sub-frames, in a sub-frame just following a preceding sub- 
frame, is carried out in the form of the sub-frame inversion driving similar to the conventional 
frame inversion driving with which the polarity of the whole sub-frame is inverted. 
[135] Note that, while a detailed description with respect to each sub-frame inversion driving is 
omitted here since it is judged to be understood if the description with respect to the above- 
mentioned sub-frame is referred, for the sake of assistance of understanding thereof, a timing 
chart thereof is shown in Fig. 10. 

[136] As described above, according to this embodiment, in the sub-frame inversion driving 
using the pixel signals of the positive polarity with respect to the electric potential of the counter 
electrode constituting the pixel matrix, the pixel signals of 12 phases are divided into 2 blocks; 
and there is carried out the block sequential driving in which there is repeatedly carried out every 
block the operation in which for a time period which does not substantially participate in the 
display of 6 pixel signals within each block, the pixel signals which are opposite in polarity to 
the pixel signals each having the positive polarity with respect to the electric potential of the 
counter electrode are applied to the data lines, respectively; for a time period up to the sampling 
time instant after a lapse of the above-mentioned time period, the pixel signals each having the 
positive polarity with respect to the electric potential of the counter electrode are applied to the 
data lines, respectively; and the pixel signals having the positive polarity with respect to the 
electric potential of the counter electrode are sampled at the sampling time instant to be held in 
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the floating capacities of the corresponding data lines, respectively, whereby the pixel signals 
which are held in the data lines, respectively, are sampled at a time instant of end of the 
horizontal time period concerned to be held in the corresponding pixel electrodes and storage 
capacities, respectively, to thereby carry out the display for the pixels. 

[137] As a result, when the pixel signals each having the positive polarity with respect to the 
electric potential of the counter electrode constituting the pixel matrix are written to the pixels 
through the data lines, respectively, the fluctuation in the signal voltages on the data lines is 
arranged to reduce a quantity of voltage fluctuations of all the data lines. 

[138] Accordingly, the transverse crosstalk which is caused in the conventional frame inversion 
driving is greatly reduced. 

[139] In addition, as described above, since before the pixel signals are applied to the data lines 
defined in blocks, respectively, the pixel signals which are opposite in polarity thereto are 
necessarily applied to the corresponding data lines four times within the horizontal time period, 
respectively, the same effects as those in the conventional precharge driving are obtained without 
taking a special precharge time period, and hence the horizontal crosstalk is greatly reduced. 
[140] In addition, at the time a predetermined time period before a time instant of the sampling 
of the 6 pixel signals of the preceding block to the corresponding data lines, the 6 pixel signals of 
the same polarity of a block just following a preceding block are applied to the corresponding 
data lines, respectively. Thus, it is possible to greatly reduce signals (noises) which burst from 
the data line belonging to a block just following a preceding block into the data line belonging to 
the preceding block adjacent to the data line concerned, and hence it is possible to largely 
suppress the generation of the longitudinal streak nonuniformity. 
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[141] Moreover, in addition to the above-mentioned effects, since one frame is divided into 
four sub-frames to drive the pixel matrix, the flicker becomes difficult to detect. 
[142] Further, the voltage reduction due to the leakage currents of the pixel TFTs as the 
primary factor of generation of the flicker is decreased as the frame time period is shortened to 
be the sub-frame time period. The reduction in decrease of a voltage results in that a level itself 
of the flicker can be suppressed to a small degree and synergistically, the reduction of the flicker 
can be attained. 

[143] While achieving these effects, an enhancement of an aperture ratio obtained through the 
frame inversion driving is simultaneously obtained. 

[144] On the other hand, if the pixel signals are written to the pixel electrodes once on a frame, 
respectively, then the writing of the pixel signals moves the liquid crystal molecules to cause 
capacity changes in the pixel capacities to cause reduction in electric field applied to the liquid 
crystal layer to thereby reduce the operating speed of the liquid crystal. 
[145] However, as described above in an illustrative embodiment, one frame is divided into 
four sub-frames, and under this condition, the pixel matrix is driven to write the same pixel 
signal to the same pixel electrode four times. As a result, even if the capacity changes are 
generated in the pixel capacities, insufficient electric charges are filled up, and hence there is 
also simultaneously provided an effect in that the strength of the electric field applied to the 
liquid crystal layer is prevented from being reduced to enhance the operating speed of the liquid 
crystal. 

[146] [Second Embodiment] 

[147] Fig. 11 is a diagram showing an external driving circuit for supplying signals to a liquid 
crystal display device according to a second embodiment of the present invention, and Fig. 12 is 
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a detailed timing chart of a data driver of the liquid crystal display device and a timing chart in a 
sub-frame in which pixel signals each having a negative polarity with respect to an electric 
potential of a counter electrode of a pixel matrix are written to corresponding pixels within the 
pixel matrix, respectively. 

[148] A point of difference between the structure of this embodiment from that of the first 
embodiment is that the pixel signals each having a negative polarity with respect to the electric 
potential of the counter electrode of the pixel matrix are written to the corresponding pixels 
within the pixel matrix, respectively. 

[149] That is, the liquid crystal display device 10A of this embodiment is configured such that 
in the block sequential driving of the pixel matrix for each sub-frame in which the pixel matrix is 
subjected to the sub-frame inversion driving, the pixel signals which are to be applied to the data 
lines, respectively, are made negative in polarity with respect to the electric potential of the 
counter electrode of the pixel matrix to be applied to the data lines, respectively. 
[150] It is the same as that in the first embodiment is that in a phase development/polarity 
inversion circuit 110A of an external driving circuit 104A, one frame is divided into four sub- 
frames, the signals of 12 phases are divided into blocks every sub-frame, and each block is time- 
divided to be outputted. 

[151] It is also the same in format of the time-divided signal as in the first embodiment that 
with respect to the first half 6 phases of each block belonging to one horizontal time period, 6 
pixel signals are simultaneously outputted as their signals (in parallel with one another), and 
next, with respect to the latter half 6 phases, the next 6 pixel signals are simultaneously outputted 
as their signals. 
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[152] It is als'o the same as in the first embodiment that every 6 pixel signals are successively 
applied as one block to the data lines of the pixel matrix 12 of a liquid crystal display device 10A 
to be sampled and held, and a fixed switch-ON time period is taken until after the pixel signals 
are started to be applied to the data lines of a certain one block, the sampling for the block 
concerned is carried out. 

[153] A point of difference from the first embodiment that for the front time period within the 
switch-ON time period, the above-mentioned 6 pixel signals to be outputted in parallel with one 
another are outputted as the signals which are opposite in polarity to the pixel signals each 
having the negative polarity with respect to the electric potential of the counter electrode 27 of 
the pixel matrix 12, and on the heels thereof, for a time period from a time instant after a lapse of 
the above-mentioned front time period to end of the above-mentioned switch-ON time, these 6 
pixel signals are outputted as the pixel signals of the negative polarity. 
[154] The pixel signals of 12 phases having such a signal format are supplied from a phase 
development/polarity inversion circuit 110A to a liquid crystal display device 10A. 
[155] Since a configuration of portions of this embodiment except for the above mentioned 
configuration is the same as that of the first embodiment, these portions are designated with the 
same reference numerals as those in Fig. 4 and Fig. 5, and a description thereof is omitted here. 
[156] Next, the operation of this embodiment will hereinbelow be described with reference to 
Fig. 11 and Fig. 12. 

[157] The pixel signals of 12 phases which are outputted from the phase development/polarity 
inversion circuit 110A of the external control circuit 104A to the pixel signal lines SI to S12 are 
the same as those on the pixel signal lines SI to S 12 of the first embodiment except that as 
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described above, they are the signals each having the negative polarity with respect to the electric 
potential of the counter electrode 27 of the pixel matrix 12. 

[158] In addition, the operations of the data driver 14 and the gate driver 16 in this embodiment 
are also the same as those in the first embodiment. 

[159] It is also the same as in the first embodiment that in the block sequential driving which is 
caused by turning ON/OFF the switch array 34 k in accordance with the ON/OFF control signal 
SP k outputted from the scanning circuit 32 of the data driver 14, half of the pixel signals of 12 
phases supplied through the pixel signal lines SI to S12, respectively, are successively applied to 
the 6 data lines D 6 (k-n+i to D 6( k-i)+6 by turn-ON of the switch array 34 k determined on the basis of 
the block sequential driving and sampled for a time period of turn-OFF to be held in the floating 
capacities of the data lines D 6 (k-n+i to D 6 ( k -i)+6, respectively. 

[160] In this case as well, for time periods which do not substantially participate in the display 
of the corresponding pixels (exhibited by t (k -i)i, t k , and the like in Fig. 1 1), the pixel signals 
applied to the data lines D 6 <k-i)+i to D 6 (k-i)+6, respectively, are the signals which are opposite in 
polarity to the pixel signals each having the negative polarity with respect to the electric potential 
of the counter electrode 27 of the pixel matrix 12. 

[161] In addition, for time periods (time periods exhibited by t (k -i)2, t k 2 and the like in Fig. 1 1) 
which substantially participate in the display of the corresponding pixels, the pixel signals which 
are applied to the data lines D 6 ( k -i)+i to D 6( k-i) + 6, respectively, are identical in polarity to the pixel 
signals each having the negative polarity with respect to the electric potential of the counter 
electrode 27 of the pixel matrix 12. 

[162] Accordingly, the voltage fluctuation component of each of the 6 pixel signals which are 
held in the floating capacities of the data lines D 6(k -i) + i to D 6 <k-i)+6, respectively, after the above- 
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mentioned sampling is cancelled by a value determined on the basis of the ratio between the 
signal time periods of the above-mentioned two kinds of pixel signals every data line of the data 
lines D 6( k-i) + i to D 6( k-i)+6. As a result, quantities of voltage fluctuations of the 6 pixel signals 
which are held in the floating capacities of the data lines D 6 (k-i)+i to D 6 (k-n+6 are reduced. 
[163] Then, it is also the same as in the first embodiment that even at a time instant of end of 
any of the horizontal time periods, the block sequential driving turns OFF the pixel TFTs to 
which the corresponding gate lines are connected at a trailing edge of the corresponding gate 
pulse, i.e., samples the pixel signals on the data lines connected to drains of the pixel TFTs 
concerned, respectively, to hold the sampled pixel signals in the corresponding pixel electrodes 
and storage capacities to submit them to the display until end of a next horizontal time period. 
[164] It is also the same as that in the first embodiment that the display is caused every sub- 
frame of a frame. 

[165] The driving in these sequential sub-frames, in the sub-frame just following the preceding 
sub-frame, is carried out in the form of the sub-frame inversion driving similar to the 
conventional frame inversion driving in which the polarity of the whole sub-frame is inverted. 
[166] As described above, according to this embodiment, in the sub-frame inversion driving in 
which the pixel signals each having the negative polarity with respect to the electric potential of 
the counter electrode constituting the pixel matrix are applied, the pixel signals of 12 phases are 
divided into two blocks; and there is carried out the block sequential driving in which there is 
repeatedly carried out every block the operation in which for a time period which does not 
substantially participate in the display of the 6 pixel signals within each block, the pixel signals 
which are opposite in polarity to the pixel signals each having the negative polarity with respect 
to the electric potential of the counter electrode are applied to the data lines, respectively; the 
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pixel sigpals each having the negative polarity with respect to the electric potential of the counter 
electrode are continued to be applied to the data lines, respectively, until a time instant of the 
sampling after an elapse of the above-mentioned time period; and the pixel signals each having 
the negative polarity with respect to the electric potential of the counter electrode are sampled at 
a time instant of the sampling to be held in the floating capacities of the corresponding data lines, 
whereby the pixel signals held in the data lines, respectively, are sampled at a time instant of end 
of the horizontal time period concerned to be held in the corresponding pixel electrodes and 
storage capacities to thereby cause the display on the pixels. 

[167] As a result, when the pixel signals each having the negative polarity with respect to the 
electric potential of the counter electrode constituting the pixel matrix are written to the pixels 
through the data lines, respectively, the fluctuation of the signal voltages on the data lines is 
averaged to reduce quantities of voltage fluctuations of all the data lines. 

[168] Accordingly, the transverse crosstalk which is caused in the conventional frame inversion 
driving is greatly reduced. 

[169] In addition, as described above, since prior to the application of the pixel signals to the 
data lines defined in blocks, the pixel signals of the polarity opposite thereto are applied four 
times for a horizontal time period, the same effects as those in the conventional precharge 
driving are provided without taking a special precharge time period, and hence the longitudinal 
crosstalk is greatly reduced. 

[170] In addition, before a time instant of the sampling of the 6 pixel signals of the preceding 
block to the data lines by a predetermined time period, the 6 pixel signals of the same polarity of 
a block just following a preceding block are applied to the data lines, respectively. Thus, it is 
possible to greatly reduce signals (noises) which burst from the data line belonging to a block 
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just following a preceding block into the data line belonging to the preceding block adjacent to 
the data line concerned, and hence it is possible to largely suppress the generation of the 
longitudinal streak nonuniformity. 

[171] In addition, with respect to reduction of flicker, enhancement of an aperture ratio, and 
improvement in operating speed of liquid crystal, the same effects as those of the first 
embodiment are provided. 
[172] [Third Embodiment] 

[173] A point of difference of the structure of this embodiment from that of the first 
embodiment is that the block sequential driving of a pixel matrix for each sub-frame with which 
the pixel matrix is subjected to the sub-frame inversion driving is carried out every three blocks. 
[174] As shown in Fig. 14, a liquid crystal display device 10B of this embodiment is configured 
so that pixel signals SI to S 18 of 18 phases are outputted every sub-frame from a phase 
development/polarity inversion circuit 1 10B of an external driving circuit 104B; Q (natural 
number) ON/OFF control signals SPi to SP Q are outputted from a scanning circuit 32B of a data 
driver 14B; and every block of three blocks constituting the pixel signals SI to S 18 of 18 phases, 
the pixel signals of the block concerned are sampled to corresponding data lines of the pixel 
matrix 12 through switches of the switch array which are turned ON in accordance with the 
corresponding ON/OFF control signals SPi to SPq to submit the sampled pixel signals to the 
display on the corresponding pixels, respectively. 

[175] In the phase development/polarity inversion circuit 1 10B, similar to the first embodiment, 
one frame is divided into four sub-frames; every sub-frame, every 6 phases of 18 phases is made 
a block for the pixel signals of the sub-frame concerned; and the pixel signals of each block are 
outputted in accordance with the time division format. 
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[176] The format of signals which are time-divided in the phase development/polarity inversion 
circuit 110B is the signal format in which 6 pixel signals distributed to the phases of the first 
block of 18 phases are simultaneously outputted (in parallel with one another). Next, 6 pixel 
signals distributed to the phases of the second block are simultaneously outputted. Next, 6 pixel 
signals distributed to the phases of the third block are simultaneously outputted. Pixel signals (18 
pixel signals) distributed to the phases of 18 phases following the above-mentioned blocks are 
successively, simultaneously outputted; and such output is successively continued up to the final 
pixel signal of the horizontal time period. 

[177] Note that, the above-mentioned "next" means a relationship in which at a time instant 
after a lapse of a half time period of a period of the third horizontal clock pulse DCK3 (which 
will be described later) from a time instant of period start of a signal time period t Q of the 6 pixel 
signals which are contained in the sequential block and are simultaneously outputted, the 6 pixel 
signals which are contained in the block just following the block concerned and are to be 
simultaneously outputted are started to be outputted. 

[178] Every 6-pixel signals will be successively written as one block to the pixel matrix 12 of 
the liquid crystal display device 10B. Then, for a time period from start of application of 6 pixel 
signals of a certain one block to the corresponding data lines up to sampling of the 6 pixel signals 
of the block concerned to the corresponding data lines, fixed switch-ON time ton3 is taken (as will 
be described later). 

[179] For the front time period within the switch-ON time t on 3, the above-mentioned 6 pixel 
signals to be outputted in parallel with one another are outputted as the signals which are 
opposite in polarity to the pixel signals each having the positive polarity with respect to the 
electric potential of the counter electrode 27 of the pixel matrix 12, while for a time period from 

-39- 



a. time instant when the above-mentioned front time has elapsed up to end of the above- 
mentioned switch-ON time to n 3, they are outputted as the above-mentioned pixel signals of the 
positive polarity. 

[180] The pixel signals of 18 phases having such a signal format are supplied from the phase 
development/polarity inversion circuit HOB to the liquid crystal display device 10B. 
[181] In response to a horizontal synchronous signal VSYNC for video signals, a start pulse 
DSTP for a horizontal time period, a third clock pulse (called a third horizontal clock pulse) 
DCK3 and a fourth clock pulse (called a fourth horizontal clock pulse) DCK4 which are used to 
generate an ON/OFF control signal, and a third decode pulse (called a third horizontal decode 
pulse) DEC3, a fourth decode pulse (called a fourth horizontal decode pulse) DEC4 and a fifth 
decode pulse (called a fifth horizontal decode pulse) DEC5 which are used to generate an 
ON/OFF control signal are generated from the control pulse generating circuit 1 12B. Also, in 
response to a vertical synchronous signal VSYNC for video signals, a start pulse GSTP for a 
vertical time period, and a first clock pulse (called a first vertical clock pulse) GCK1 and a 
second clock pulse (called a second vertical clock pulse) GCK2 which are used to generate a gate 
pulse are generated from the control pulse generating circuit 1 12B. These pulse signals are all 
supplied to the liquid crystal display device 10B. 

[182] The third horizontal clock pulse DCK3 is the pulse having a period of 2T H /Q + 2 (T H is a 
time period of a horizontal time period). The fourth horizontal clock pulse DCK4 is the pulse 
which is generated by inverting the third horizontal clock pulse DCK3. 
[183] In addition, the third horizontal decode pulse DEC3 has a period which is obtained by 
adding a period of the third horizontal clock pulse DCK3 and a half period of that period to each 
other, and its leading edge is identical to a leading edge of the third horizontal clock pulse 
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D.CK3. Then, when a time period when the third horizontal decode pulse DEC3 rises to be held 
at the high level is determined as the above-mentioned switch-ON time t on 3 (in Fig. 6, time 
instants of its start are T r _i, T r , T r+ i and the like, and time instants of its end are T r _i, TV, T r+ i and 
the like), the third horizontal decode pulse DEC3 is the pulse which is held at the low level for a 
time period t c from a time instant of end of the switch-ON time t on 3 up to a time instant of end of 
the period of the third horizontal clock pulse DCK3. 

[184] The fourth horizontal decode pulse DEC4 has a period which is obtained by adding a 
period of the fourth horizontal clock pulse DEC4 and a half period of that period to each other, 
and its leading edge is identical to a leading edge of the fourth horizontal clock pulse DCK4. 
Also, when a time period when the fourth horizontal decode pulse DEC4 rises to be held at the 
high level is determined as the above-mentioned switch-ON time t on 3> the fourth horizontal 
decode pulse DEC4 is held at the low level for a time period from a time instant of end of the 
switch-ON time t on 3 to a time instant of end of the period of the fourth horizontal clock pulse 
DCK4. 

[185] The fifth horizontal decode pulse DECS has a period which is obtained by adding a 
period of the third horizontal clock pulse DCK3 and a half period of that period to each other, 
and its leading edge is identical to a leading edge of a third horizontal clock pulse DCK3 next to 
the third horizontal clock pulse DCK3 regulating a leading edge of the third decode pulse DEC3. 
Also, when a time period when the fifth horizontal decode pulse DECS rises to be held at the 
high level is determined as the above-mentioned switch-ON time t on 3, the fifth horizontal decode 
pulse DEC5 is held at the low level for a time period from a time instant of end of the switch-ON 
time t on 3 up to a time instant of end of the period of the above-mentioned next third horizontal 
clock pulse DCK3. 
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[}86] the first vertical clock pulse GCK1 and the second vertical clock pulse GCK2 are 
generated similarly to the first embodiment. 

[187] The data driver 14B includes a scanning circuit 32B for outputting an ON/OFF control 
signal SP r every 6 data lines (corresponding to the above-mentioned block) B (r _i )+ i (r is one of 1, 
2, Q, Q is the number of blocks and 1 is one of 1, 2, 6), and a switch array 34B having Q 
switch arrays 34 r each adapted to simultaneously turn ON/OFF 6 switches in accordance with the 
ON/OFF control signal SP r . 

[188] As shown in Fig. 13, the pixel signal lines SI to S6 of the 18 pixel signal lines SI to S18 
are connected to input terminals of the first switch array 34j and the 6 switches of each of the 
switch arrays arranged at intervals of three switch arrays from the first switch array 34r, the pixel 
signal lines S7 to S12 of the 18 pixel signal lines SI to S 18 are connected to input terminals of 
the second switch array 34 2 and the 6 switches of each of the switch arrays arranged at intervals 
of three switch arrays from the second switch array 34 2 ; and the pixel signal lines S 13 to S18 of 
the 18 pixel signal lines SI to S 18 are connected to input terminals of the third switch array 34 3 
and the 6 switches of each of the switch arrays arranged at intervals of three switch arrays from 
the third switch array 34 3 . 

[189] Then, output terminals of the first switch array 34i and the 6 switches of each of the 
switch arrays arranged every three switch arrays from the first switch array 34 1 are connected to 
the 6 data lines of the first block and the 6 data lines belonging to every third block from the first 
block; output terminals of the second switch array 34 2 and the 6 switches of each of the switch 
arrays arranged every three switch arrays from the second switch array 34 2 are connected to the 6 
data lines of the second block and the 6 data lines belonging to every third block from the second 
block; and output terminals of the third switch array 34 3 and the 6 switches of each of the switch 
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arrays arranged every three switch arrays from the third switch array are respectively connected 
to the 6 data lines of the third block and the 6 data lines belonging to every third block from the 
third block. 

[190] The scanning circuit 32B, as shown in Fig. 15, is made up of a shift register 36B, (Q + 1) 
OR circuits 37 r and a waveform shaping circuit 38B. 

[191] The shift register 36B is made up of cascade-connected (Q + 1) D type flip-flop circuits 
(hereinafter referred to as DFFs) 36 r+ ]. 

[192] Two output terminals of each of the OR circuits 37 r are connected to output terminals of 
DFF 36 r and DFF 36 r+1 , respectively. 

[193] A start pulse DSTP is supplied to a first stage of DFF 36 1 of the cascade-connected (Q + 
1) DFFs 36 r+) . A period of the start pulse DSTP is a time of a horizontal time period when the 
corresponding pixel signals within one row of a sub-frame are written to the pixels for one row 
of the pixel matrix, respectively. 

[194] The third horizontal clock pulse DCK3 is supplied to the odd-numbered stages of DFFs 
of the cascade-connected (Q + 1) DFFs 36 r+1 , and the fourth horizontal clock pulse DCK4 is 
supplied to the even-numbered stages of DFFs thereof. 

[195] The waveform shaping circuit 38B, as shown in Fig. 15, is constituted by Q NAND 
circuits 41 r which are arranged so as to correspond to the Q OR circuits 37 r , and Q sets of three 
stages of inverters 43 r , 45 r and 47 r which are connected in series with one another every NAND 
circuit 41 r . 

[196] The third horizontal decode pulse DEC3 is supplied from the control pulse generating 
circuit 112B of the external driving circuit 104B (Fig. 14) to the first NAND circuit 41 u and 
each of the NAND circuits arranged every three NAND circuits from the first NAND circuit 41 1; 
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the fourth horizontal decode pulse DEC4 is supplied from the control pulse generating circuit 
1 12B to the second NAND circuit 41 2 and each of the NAND circuits arranged every three 
NAND circuits from the second NAND circuit 41 2 ; and the fifth horizontal decode pulse DEC5 
is supplied from the control pulse generating circuit 1 12B to the third NAND circuit 41 3 and 
each of the NAND circuits arranged every three NAND circuits from the third NAND circuit 
41 3 . 

[197] As described above, a timing of the third horizontal clock pulse DCK3 and a timing of 
the third horizontal decode pulse DEC3 are set so that a trailing edge of the third horizontal 
decode pulse DEC3 occurs before a trailing edge within a period of a next third horizontal clock 
pulse DCK3 by a predetermined time period tc. 

[198] Consequently, a time period when the third horizontal decode pulse DEC3 is held at the 
high level is shorter than a time period which is obtained by adding a period of the third 
horizontal clock pulse DEC3 to a half period of that period by the predetermined time period t c . 
[199] A relationship between the third horizontal clock pulse DCK3 and the third horizontal 
decode pulse DEC3 is also applied to a relationship between the fourth horizontal clock pulse 
DCK4 and the fourth horizontal decode pulse DEC4, and a relationship between the third 
horizontal clock pulse DCK3 and the fifth horizontal decode pulse DEC5. 
[200] But, the leading edges of the third horizontal decode DEC3 and the fifth horizontal 
decode pulse DEC5, and the leading edge of the fourth decode pulse DEC4 are regulated by the 
leading edge of the third horizontal clock pulse DEC3 and the leading edge of the fourth 
horizontal clock pulse DEC4, respectively. Hence, the third horizontal decode pulse DEC3, the 
fourth horizontal decode pulse DEC4 and the fifth horizontal decode pulse DEC5 are shifted in 
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turn from one Another by a half period of a period of each of the third horizontal clock pulse 
DCK3 and the fourth horizontal clock pulse DCK4. 

[201] Output terminals of the Q inverters 47 r are connected to control input terminals of the 
corresponding switch array 35 r , respectively. 

[202] Since a configuration of portions of this embodiment except for that configuration is the 
same as that of the first embodiment, these portions are designated with the same reference 
numerals as those in Fig. 4 and Fig. 5, and the description thereof is omitted here. 
[203] Next, the operation of this embodiment will be described hereinbelow with reference to 
Figs. 13 to 17. 

[204] In this embodiment, in the phase development/polarity inversion circuit 1 10B, the pixel 
signals for one frame are divided into a predetermined number of sub-frames, e.g., four sub- 
frames, and every sub-frame, the pixel signals for three blocks are supplied through the pixel 
signal lines SI to S 18 in accordance with the above-mentioned time division format in which the 
pixel signals for three blocks are shifted in turn by a half period of the period of the third 
horizontal clock pulse or the fourth horizontal clock pulse. 

[205] Upon start of the operation of the data driver 14B, DFF36i, DFF36 2 , DFF36 Q+ i are 
reset, and signals at the low level are outputted from their output terminals, respectively. 
[206] The start pulse DSIP, and the third horizontal clock pulse DCK3 and the fourth horizontal 
clock pulse DCK4 which regulate the above-mentioned blocks, the third horizontal decode pulse 
DEC3, the fourth horizontal decode pulse DEC4 and the fifth horizontal decode pulse DEC5 are 
supplied from the control pulse generating circuit 1 12B to the data driver 14B. 
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R07] In addition, the start pulse GSTP, the first vertical clock pulse GCK1 and the second 
vertical clock pulse GLK2 are supplied from the control pulse generating circuit 1 12B to the gate 
driver 16. 

[208] In the data driver 14B to which the start pulse DSTP, the third horizontal clock pulse 
DCK3 and the fourth horizontal clock pulse DCK4, the third horizontal decode pulse DEC3, the 
fourth horizontal decode pulse DEC4 and the fifth horizontal decode pulse DEC5 are supplied, in 
response to a first leading edge of the third horizontal clock pulse DCK3, the start pulse DSTP is 
set in DFF36i. As a result, an output signal SRI of the OR circuit 37i undergoes transition from 
the low level to the high level. 

[209] Upon supply of a first leading edge of the fourth horizontal clock pulse DCK4 to DFF36 2 , 
the signal at the high level outputted from DFF36i is set in DFF36 2 . 

[210] Then, since upon supply of a second leading edge of the third horizontal clock pulse 
DCK3 (forward transition) to DFF36i, the start pulse DSTP goes the low level so that DFF36i is 
set to the low level, an output signal of DFF36i goes to the low level at a time instant of the 
above-mentioned forward transition. This output signal is left at the low level until a next start 
pulse DSTP is inputted. 

[211] Likewise, with respect to DFF36 2 as well, since upon supply of a second leading edge of 
the fourth horizontal clock pulse DCK4 (forward transition) to DFF36 2 , an output signal of 
DFF36i is set to the low level, an output signal of DFF36 2 goes the low level at a time instant of 
the above-mentioned forward transition. This output signal is left at the low level until a next 
start pulse DSTP is inputted to cause the above-mentioned sequential operation. 
[212] This is also applied to each of DFFs in and after DFF36 3 . But, output signals of DFFs at 
the preceding stages are supplied to data input terminals of DFFs, respectively. 
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[?13] Output signals from DFF r _i, DFF r and DFF r +i of DFFs are shown in the form of SR r -i, SR r 
and SR r+ i of Fig. 17, respectively. SR M , SR r and SR r+1 of Fig. 17 exhibit output signals of (r-1)- 
th DFF 36 r _ l9 r-th DFF 36 r and (r+l)-th DFF 36 r+ i of the cascade-connected (Q + 1) DFFs, 
respectively. 

[214] Logical products between output signals SRi, SR 4 , ... outputted from the OR circuit 37i 
and the OR circuits arranged every three OR circuits from the OR circuits 37 1, and the third 
horizontal decode pulse DEC3 are carried out in the corresponding NAND circuits 40 u 40 4 , 
respectively; logical products between output signals SR 2 , SR 5 , ... outputted from the OR circuit 
37 2 and the OR circuits arranged every three OR circuits from the OR circuit 37 2 , and the fourth 
horizontal decode pulse DEC4 are carried out in the corresponding NAND circuits 40 2 , 40 5 , 
respectively; and logical products between output signal SR 3 , SR 6 , ... outputted from the OR 
circuit 37 3 and the OR circuits arranged every three OR circuits from the OR circuit 37 3 , and the 
fifth horizontal decode pulse DEC5 are carried out in the corresponding NAND circuits 40 3 , 40 6 > 
respectively. 

[215] In such a manner, the signal which has been outputted from the NAND circuit 40 r after 
carrying out the logical product concerned therewith in the NAND circuit 40 r is outputted in the 
form of ON/OFF control signal SP r from the inverter 47 r through three stages of inverters 43 r , 45 r 
and 47 r dependently connected to the corresponding NAND circuit. 

[216] Since the third horizontal clock pulse DCK3 and the third horizontal decode pulse DEC3 
are set so as to meet the timing relationship as described above, the leading edges of the first 
ON/OFF control signal SPi and the ON/OFF control signals SP 4 , SP 7 , ... generated at intervals of 
three ON/OFF control signals from the first ON/OFF control signals SPi of the ON/OFF control 
signals SPi, SP 2 , SPq, as shown in Fig. 14, agree with the leading edges of the third horizontal 
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clock pijlse DCK3, respectively. Then, any of the trailing edges of the third horizontal clock 
pulse DCK3 occurs before a time instant right after an elapse of a time period obtained by adding 
a period of the third horizontal clock pulse DCK3 to a half period of that period by the 
predetermined time period tc. 

[217] Since the fourth horizontal clock pulse DCK4 and the fourth horizontal decode pulse 
DEC4 are set so as to meet the timing relationship as described above, the leading edges of the 
second ON/OFF control signal SP 2 and the ON/OFF control signals SP 5 , SP 8 , ... generated every 
three ON/OFF control signals from the second ON/OFF control signal SP 2 of the ON/OFF 
control signals SPi, SP 2 , SPq, as shown in Fig. 17, agree with the leading edges of a fourth 
horizontal clock pulse DCK4. Then, any of the trailing edges of the fourth horizontal clock pulse 
DCK4 occurs before a time instant right after an elapse of a time period obtained by adding a 
period of the fourth horizontal clock pulse DCK4 to a half period of that period by the 
predetermined time period t c . 

[218] Since the third horizontal clock pulse DCK3 and the fifth horizontal decode pulse DEC5 
are set so as to meet the timing relationship as described above, the leading edges of the third 
ON/OFF control signal SP 3 and the ON/OFF control signals SP 6 , SP 9 , ... generated at intervals of 
three ON/OFF control signals from the third ON/OFF control signal of the ON/OFF control 
signals SPi,SP 2 ,...,SP Q , as shown in Fig. 17, agree with the leading edges of a third horizontal 
clock pulse DCK3 next to the third horizontal clock pulse DCK3 regulating the leading edges of 
the ON/OFF control signals SPi, SP 4 , SP7, .... Then, any of the trailing edges thereof occurs 
before a time instant right after an elapse of a time period obtained by adding a period of the 
third horizontal clock pulse DCK3 to a half period of that period from a time instant of start of 
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the period of the above-mentioned next third horizontal clock pulse DCK3 by the predetermined 
time period tc. 

[219] The ON/OFF control signals SPi, SP 2 , SP Q generated in such a manner are supplied to 
the corresponding switch arrays 34i, 342, 34q to turn ON/OFF the switches of the switch 
arrays concerned, respectively. 

[220] A time period from turn-ON of the switches of the switch array 34] to turn-OFF of the 
switches of the switch array 34q corresponds to one horizontal time period of one sub-frame. 
For the horizontal time period, the gate pulses are supplied from the gate driver 16 to the 
corresponding gate lines. These gate pulses are illustrated as Gm, Gi, and Gi+i in Fig. 13 (Gi, G 2 , 
G 3 , G m in Fig. 10). 

[221] As described above, a first pixel signal within a first scanning period of a sub-frame, and 
every 3n/Q pixel signals from the pixel signal concerned are successively supplied to the pixel 
signal line SI, and a second pixel signal within the first scanning period of the sub-frame, and 
every 3n/Q pixel signals from the second pixel signal are successively supplied to the pixel 
signal line S2. Hereinbelow, similarly, ON/OFF control signals SP r are successively supplied 
from the scanning circuit 32B of the data driver 14B to the ON/OFF control lines 46 r , and also a 
gate pulse GI is supplied to the gate line GI for a first horizontal time period in parallel with the 
operation in which supply of an 1-th pixel signal within the first scanning period of the sub-frame 
and successive supply of every 3n/Q pixel signals from an 1-th pixel signal (1 in this case is one 
of 3, 4, 18) are simultaneously carried out. 

[222] Thus, at the time when the array switch 34i has been turned ON (at the time when the 6 
switches constituting the array switch 34 1 have been simultaneously turned ON) with the first 
ON/OFF control signal SPi, the first pixel signal to the sixth pixel signal within the first 
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horizontal time period constituting a sub-frame simultaneously supplied through the pixel signal 
lines SI to S6, respectively, are simultaneously supplied to the data lines Di to D6 through these 
6 switches, respectively. On the other hand, at the time when array switch 34\ has been turned 
OFF, the first to sixth pixel signals are sampled to be held in floating capacities of the data lines 
Di to De, respectively. 

[223] Thus, for time periods which do not substantially participate in the display of the 
corresponding pixels (exhibited by t (r _ui, t r i and the like in Fig. 14), as shown in SI to S6 of Fig. 
17, the first pixel signal to the sixth pixel signal which are applied to the six data lines Di to D 6 , 
respectively, are the signals which are opposite in polarity to the first pixel signal to the sixth 
pixel signal each having a positive polarity with respect to the electric potential of the common 
electrode 27 of the pixel matrix 12 of the liquid crystal display device 10B. 
[224] However, for time periods which substantially participate in the display of the 
corresponding pixels (exhibited by t (r _i)2, t r2 and the like in Fig. 14), the first pixel signal to the 
sixth pixel signal which are applied to the six data lines Di to D 6 , respectively, are identical in 
polarity to the first pixel signal to the sixth pixel signal which are applied to the liquid crystal 
display device 10B each having the positive polarity with respect to the electric potential of the 
common electrode 27 of the pixel matrix 12. 

[225] Consequently, the voltage fluctuation component of each of the first to sixth pixel signals 
which are held in the floating capacities of the data lines Di to D 6 after the sampling is cancelled 
by a value determined on the basis of the ratio between the signal time periods of the above- 
mentioned two kinds of pixel signals every data line of the data lines Di to D6. As a result, 
quantities of voltage fluctuations of the first to sixth signals are reduced. 
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[226] Then, the first to sixth pixel signals are respectively applied to the pixel electrodes from 
the pixel electrode 26n to the pixel electrode 26i 6 , and to the storage capacities from the storage 
capacity 24 n to the storage capacity 24 16 through TFTs from TFT 22n to TFT22 16 which are 
turned ON concurrently with turn-ON of the array switch 34j. Then, the first to sixth pixel 
signals which are held in the floating capacities of the data lines Dj to D 6 by the above- 
mentioned sampling continue to be applied to the corresponding pixel electrodes 26n to 26\e and 
to the corresponding storage capacities 24 n to 24 !6 until the trailing edge of the gate pulse Gl 
occurs. 

[227] A similar sampling and holding operation is caused for the data line D 6 ( r -i)+i to the data 
line D 6 (r-i)+ 6 by turning ON the array switch 34 r in accordance with the r-th ON/OFF control 
signal P r (r in this case is one of 2, 3, P) of the block sequential driving within the first 
horizontal time period. 

[228] In this case as well, for time periods (time periods exhibited by t (r -i)i, t r i and the like in 
Fig. 14) which do not substantially participate in the display for the corresponding pixels, the 
pixel signals which are applied to the data lines D 6 ( r -i>+i to D 6 ( r -i)+6, respectively, are the signals 
which are opposite in polarity to the corresponding pixel signals each having the positive polarity 
with respect to the electric potential of the common electrode 27 of the pixel matrix 12 of the 
liquid crystal display device 10B. 

[229] In addition, for time periods (time periods exhibited by t (r _i )2 , t r2 and the like in Fig. 17) 
which substantially participate in the display for the corresponding pixels, the pixel signals 
which are applied to the data lines D 6 ( r -n+i to D 6 ( r -i)+6, respectively, are identical in polarity to the 
corresponding pixel signals each having the positive polarity with respect to the electric potential 
of the common electrode 27 of the pixel matrix 12 of the liquid crystal display device 10B. 
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[230] Consequently, the voltage fluctuation component of each of the 6 pixel signals which are 
held in the floating capacities of the data lines D6( r -i)+i to D6( r -i)+6 by the above-mentioned 
sampling is cancelled by a value determined on the basis of the ratio between the signal time 
periods of the above-mentioned two kinds of pixel signals every data line of the data lines D6( r - 
i )+ i to D 6 (r-i)+6. As a result, quantities of voltage fluctuations of the 6 pixel signals which are held 
in the floating capacities of the data lines D6( r -i)+i to D6( r -i)+6, respectively, are reduced. 
[231] Then, at a time instant of end of the first horizontal time period after the operation for 
sampling and holding for each block has been completed up to the final block, the corresponding 
pixel signals which are applied to from the pixel electrodes from the pixel electrode 26 u to the 
pixel electrode 26i6 to the pixel electrodes from the pixel electrode 26i ( 6(r-i)+n to the pixel 
electrode 26i ( 6( r -i)+6)> and to from the storage capacities from the storage capacity 24 n to the 
storage capacity 24\ 6 to the storage capacities from the storage capacity 24i (6 (Q-i)+i) to the storage 
capacity 24i ( 6(Q-i)+6), respectively, are sampled in response to a trailing edge of the gate pulse 
applied to the gate line Gl to be held in the corresponding pixel electrodes and storage 
capacities, respectively. 

[232] The display corresponding to the pixel signals which are held is caused on the 
corresponding pixels. 

[233] Such holding and display is continued until the first horizontal time period of a next sub- 
frame has come and then at a time instant of end thereof, the sampling which is the same as that 
of the foregoing is carried out. 

[234] The above-mentioned operation for the first horizontal time period is repeatedly carried 
out the number of times equal to the number of horizontal time periods constituting a sub-frame. 
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[2,35] Ih addition, with respect to other sub-frames constituting a frame as well, the same 
operation is repeatedly carried out. 

[236] The driving in these sequential sub-frames, in a sub-frame just following a preceding sub- 
frame, is carried out in the form of the sub-frame inversion driving similar to the conventional 
frame inversion driving with which the polarity of the whole sub-frame is inverted. 
[237] As described above, according to this embodiment, in the sub-frame inversion driving 
applying the pixel signals of the positive polarity with respect to the electric potential of the 
counter electrode constituting the pixel matrix, there is carried out the block sequential driving in 
which there is repeatedly carried out every block the operation in which: the pixel signals of 18 
phases are divided into 3 blocks; for a time period which does not substantially participate in the 
display of 6 pixel signals within each block, the pixel signals which are opposite in polarity to 
the pixel signals each having the positive polarity with respect to the electric potential of the 
counter electrode are applied to the data lines, respectively; for a time period up to the sampling 
time instant after a lapse of the above-mentioned time period, the pixel signals each having the 
positive polarity with respect to the electric potential of the counter electrode are applied to the 
data lines, respectively; and the pixel signals each having the positive polarity with respect to the 
electric potential of the counter electrode are sampled at the sampling time instant to be held in 
the floating capacities of the corresponding data lines, respectively, whereby the pixel signals 
which are held in the data lines, respectively, are sampled at a time instant of end of the 
horizontal time period concerned to be held in the corresponding pixel electrodes and storage 
capacities, respectively, to thereby carry out the display for the pixels. 

[238] As a result, when the pixel signals each having the positive polarity with respect to the 
electric potential of the counter electrode constituting the pixel matrix are written to the pixels 
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through", the data lines, respectively, the fluctuation in the signal voltages on the data lines is 
averaged to reduce quantities of voltage fluctuations of all the data lines. 
[239] Consequently, the transverse crosstalk which is caused in the conventional frame 
inversion driving is greatly reduced. 

[240] In addition, as described above, since prior to the application of the pixel signals to the 
data lines defined in blocks, respectively, the pixel signals which are opposite in polarity thereto 
are necessarily applied four times within the horizontal time period, respectively, the same 
effects as those in the conventional precharge driving are obtained without taking a special 
precharge time period, and hence the horizontal crosstalk is greatly reduced. 
[241] In addition, before a time instant of the sampling of the 6 pixel signals of the preceding 
block to the corresponding data lines by a predetermined time period, the 6 pixel signals of the 
same polarity of a block just following the preceding block are applied to the corresponding data 
lines, respectively. Thus, it is possible to greatly reduce signals (noises) which burst from the 
data line belonging to a block just following a preceding block into the data line belonging to the 
preceding block adjacent to the data line concerned, and hence it is possible to largely suppress 
the generation of the longitudinal streak nonuniformity. 

[242] Moreover, in addition to the acceptance of the those effects, since one frame is divided 
into four sub-frames in order to drive the pixel matrix, the flicker becomes difficult to be 
detected. 

[243] In addition, the voltage reduction due to the leakage currents of the pixel TFTs as a factor 
of generation of the flicker is decreased as the frame time period is shortened to be the sub-frame 
time period. The decrease in the voltage reduction results in that a level itself of the flicker can 
be suppressed to a small degree and synergistically, the reduction of the flicker can be attained. 

-54- 



[?44] While achieving those effects, the enhancement of an aperture ratio obtained through, the 
frame inversion driving can be simultaneously obtained. 

[245] On the other hand, if the pixel signals are written to the pixel electrodes once a frame, 
respectively, then the writing of the pixel signals moves the liquid crystal molecules to cause the 
capacity changes in the pixel capacities to cause reduction in the strength of electric field applied 
to the liquid crystal layer to thereby reduce the operating speed of the liquid crystal. 
[246] However, as described above, one frame is divided into four sub-frames and under this 
condition, the pixel matrix is driven to write the same pixel signal to the same pixel electrode 
four times. Consequently, even if the capacity changes are generated in the pixel capacities, the 
insufficient electric charges are filled up, and hence there is also simultaneously obtained the 
effect in that the strength of the electric field applied to the liquid crystal layer is prevented from 
being reduced to enhance the operating speed of the liquid crystal. 
[247] [Fourth Embodiment] 

[248] Fig. 18 is a diagram showing an external driving circuit for supplying signals to a liquid 
crystal display device according to a fourth embodiment of the present invention, and Fig. 19 is a 
detailed timing chart of a data driver of the liquid crystal display device and a timing chart in a 
sub-frame in which pixel signals each having a negative polarity with respect to an electric 
potential of a counter electrode of a pixel matrix are written to corresponding pixels within the 
pixel matrix, respectively. 

[249] A point of difference between the constitution of this embodiment from that of the third 
embodiment is that the pixel signals each having the negative polarity with respect to the electric 
potential of the counter electrode of the pixel matrix are written to the corresponding pixels 
within the pixel matrix, respectively. 
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[250] That is'to say, the liquid crystal display device 10C of this embodiment is configured so 
that in the block sequential driving of the pixel matrix for each sub-frame in which the pixel 
matrix is subjected to the sub-frame inversion driving, the pixel signals which are to be applied 
to the data lines, respectively, are made positive in polarity with respect to the electric potential 
of the counter electrode of the pixel matrix to be applied to the data lines, respectively. 
[251] It is the same as that in the third embodiment that in a phase development/polarity 
inversion circuit 1 10C of an external driving circuit 104C, one frame is divided into four sub- 
frames, the 18 pixel signals of 18 phases are divided into three blocks every sub-frame, and each 
block is time-divided to be outputted. 

[252] It is also the same as that in the third embodiment that the format of such time-divided 
signals is such that with respect to the first block and the blocks arranged every three blocks 
from the first block of the blocks obtained through the three division of 18 phases, the first pixel 
signal to the sixth pixel signal, the 19-th pixel signal to the 24-th pixel signal, ... within one 
horizontal time period are simultaneously, successively outputted (in parallel with one another); 
next, with respect to the second block and the blocks arranged every three blocks from the 
second block, the seventh pixel signal to the 12-th pixel signal, the 25-th pixel signal to the 30-th 
pixel signal, ... within one horizontal time period are simultaneously, successively outputted (in 
parallel with one another); and next, with respect to the third block and the blocks arranged every 
three blocks from the third block, the 13-th pixel signal to the 18-th pixel signal, the 31-st pixel 
signal to the 36-th pixel signal, ... are simultaneously, successively outputted (in parallel with 
one another). 

[253] It is also the same as that in the first embodiment that a set of 6 pixel signals are 
successively written as one block to the pixel matrix 12 of the liquid crystal display device 10C, 
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apd for a fixed switch-ON time period from a time instant of start of application of the 6 pixel 
signals of the certain one block to the corresponding data lines to a time instant of the sampling 
of the 6 pixel signals of the block concerned to the corresponding data lines, the switch array is 
held in the ON state. 

[254] A point of difference from the third embodiment is that for the front time period within 
this switch-ON time period, the above-mentioned 6 pixel signals to be outputted in parallel with 
one another are outputted as the signals which are opposite in polarity to the pixel signals which 
are made negative in polarity with respect to the electric potential of the counter electrode of the 
pixel matrix, and on the heels thereof, for a time period up to a time instant of end of the above- 
mentioned switch-ON time period after a lapse of the above-mentioned front time period, they 
are outputted as the pixel signals each having the negative polarity. 

[255] The pixel of 18 phases signals complying with such a signal format are supplied from the 
phase development/polarity inversion circuit 1 IOC to the liquid crystal display device IOC. 
[256] Since a configuration of portions of this embodiment except that configuration is the 
same as that of the first embodiment, those portions are designated with the same reference 
numerals as those of Fig. 13 and Fig. 14, and the description thereof is omitted here. 
[257] Next, the operation of this embodiment will be described hereinbelow with reference to 
Fig. 18 and Fig. 19. 

[258] The pixel signals of 18 phases which are outputted from the phase development/polarity 
inversion circuit 1 IOC of the external control circuit 104C to the pixel signal lines SI to S18 are 
the same as those on the pixel signal lines SI to S18 of the third embodiment except that as 
described above, they are the signals each having the negative polarity with respect to the electric 
potential of the counter electrode of the pixel matrix. 
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[259] In addition, the operations of the data driver 14B and the gate driver 16 in this 
embodiment are also the same as those in the third embodiment. 

[260] It is also the same as that in the third embodiment that after the array switch 34 r has been 
turned ON in accordance with the ON/OFF control signal SP r outputted from the scanning circuit 
32B of the data driver 14B to apply the pixel signals on the corresponding 6 pixel signal lines to 
the corresponding 6 data lines D 6 ( r -i)+i to D 6 (r-i)+6, respectively, they are sampled to be held in the 
floating capacities of the data lines D 6 ( r -i)+i to D 6 ( r -i)+6, respectively, to be applied to the 
corresponding 6 pixel electrodes 26 i( 6(r-i)+i) to 24 i( 6(r-i)+6) and the corresponding 6 storage 
capacities 24j ( 6(r-i)+i) to 24i ( 6( r -i)+6), respectively. 

[261] In that case as well, for time periods (time periods exhibited by t (r -i)i» M and the like in 
Fig. 19) which do not substantially participate in the display of the corresponding pixels, the 
pixel signals which are applied to the data lines D 6 (r-i)+i to D 6 ( r -i)+6, respectively, are the signals 
which are opposite in polarity to the corresponding pixel signals each having the negative 
polarity with respect to the electric potential of the counter electrode 27 of the pixel matrix 12. 
[262] In addition, for time periods (time periods exhibited by t (r _i)2, t r2 and the like in Fig. 19) 
which substantially participate in the display of the corresponding pixels, the pixel signals which 
are applied to the data lines D 6 ( r -i)+i to D 6(r _i )+ 6, respectively, are identical in polarity to the pixel 
signals each having the negative polarity with respect to the electric potential of the counter 
electrode 27 of the pixel matrix 12. 

[263] Consequently, the voltage fluctuation component of each of the 6 pixel signals which are 
held in the floating capacities of the data lines D 6(r .i )+ i to D 6( r-i)+6, respectively, after the above- 
mentioned sampling is cancelled by a value determined on the basis of the ratio between the 
signal time periods of the above-mentioned two kinds of pixel signals every data line of the data 
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lines D^ (r .i )+ i to D^-d+o-, As a result, quantities of voltage fluctuations of the 6 pixel signals 
which are held in the floating capacities of the data lines D6( r -i)+i to D6( r -i)+6 are reduced. 
[264] Then, it is also the same as that in the third embodiment that at a time instant of end of 
the first horizontal time period after the operation for sampling and holding the pixel signals 
every block has been completed up to the final block, in response to the trailing edge of the gate 
pulse applied to the gate line Gl, the corresponding pixel signals which are applied to from the 
pixel electrodes from the pixel electrode 26n to the pixel electrode 26i6 to the pixel electrodes 
from the pixel electrode 26i (6 (Q-i) + i) to the pixel electrode 26i( 6 (Q-i)+6), and to from the storage 
capacities from the storage capacity 241 1 to the storage capacity 24 !6 to the storage capacities 
from the storage capacity 26i (6 (Q-i)+i) to the storage capacity 26i( 6( q_i )+6 ) are sampled to be held in 
the corresponding pixel electrodes and storage capacities, and the display corresponding to the 
pixel signals being held is caused on the corresponding pixels. 

[265] It is also the same as that in the third embodiment that such holding and display are 
continued until the first horizontal time period of a next sub-frame has come and at a time instant 
of end thereof, the same sampling as that of the foregoing is carried out; the operation for the 
above-mentioned horizontal time period is repeatedly carried out the number of times equal to 
the number of horizontal time periods constituting a sub-frame; with respect to other sub-frames 
as well constituting a frame, the same operation is repeatedly carried out; and the driving in these 
sequential sub-frames is carried out with the same sub-frame inversion driving as the 
conventional frame inversion driving in which in a sub-frame just following a preceding sub- 
frame, the polarity of the whole sub-frame is inverted. 

[266] As described above, according to this embodiment, in the sub-frame inversion driving in 
which the pixel signals each having the negative polarity with respect to the electric potential of 
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the counter electrode constituting the pixel matrix are applied, the pixel signals of 18 phases are 
divided into three blocks; and there is carried out the block sequential driving in which there is 
repeatedly carried out every block the operation in which for a time period which does not 
substantially participate in the display of the 6 pixel signals within each block, the pixel signals 
which are opposite in polarity to the pixel signals each having the negative polarity with respect 
to the electric potential of the counter electrode are applied to the data lines, respectively; the 
pixel signals each having the negative polarity with respect to the electric potential of the counter 
electrode continue to be applied to the data lines, respectively, until a time instant of the 
sampling after an elapse of the above-mentioned time period; and the pixel signals each having 
the negative polarity with respect to the electric potential of the counter electrode are sampled at 
a time instant of the sampling to be held in the floating capacities of the corresponding data lines, 
whereby the pixel signals held in the data lines, respectively, are sampled at the time instant of 
end of the horizontal time period concerned to be held in the corresponding pixel electrodes and 
storage capacities to thereby cause the display on the pixels. 

[267] As a result, when the pixel signals each having the negative polarity with respect to the 
electric potential of the counter electrode constituting the pixel matrix are written to the pixels 
through the data lines, respectively, the fluctuation of the signal voltages on the data lines is 
averaged to reduce quantities of voltage fluctuations of all the data lines. 
[268] Consequently, the transverse crosstalk which is caused in the conventional frame 
inversion driving is greatly reduced. 

[269] In addition, as described above, since prior to the application of the pixel signals to the 
data lines defined in blocks, the pixel signals of the polarity opposite thereto are necessarily 
applied four times for a horizontal time period, the same effects as those in the conventional 
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precharge driving are obtained without taking a special precharge time period, and hence the 
longitudinal crosstalk is greatly reduced. 

[270] In addition, before a time instant of the sampling of the 6 pixel signals of the preceding 
block to the corresponding data lines by a predetermined time period, the 6 pixel signals of the 
same polarity of a block just following a preceding block are applied to the corresponding data 
lines, respectively. Thus, it is possible to greatly reduce signals (noises) which burst from the 
data line belonging to a block just following a preceding block into the data line belonging to the 
preceding block adjacent to the data line concerned, and hence it is possible to largely suppress 
the generation of the longitudinal streak nonuniformity. 

[271] In addition, with respect to reduction of flicker, enhancement of an aperture ratio, and 
improvement in operating speed of liquid crystal, the same effects as those of the third 
embodiment are obtained. 

[272] Illustrative embodiments of the present invention have been described above in detail 
with reference to the accompanying drawings. However, the present invention is not intended to 
be limited to those embodiments, and hence changes of the design within a scope not departing 
from the subject matter of the invention are contained in the invention would have been known 
to those of ordinary skill in the art. 

[273] For example, illustrative embodiments have been described with respect to the contents 
in which the driving in which before completion of application of the 6 pixel signals belonging to 
a preceding block with respect to two or three blocks to the data lines by a predetermined time 
period, the 6 pixel signals belonging to the block just following the preceding block concerned 
are started to be applied to the data lines, respectively, is successively, repeatedly carried out 
every two or three blocks to thereby cause predetermined display on the pixels of the pixel 
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matrix. .However, in a state in which the number of blocks is set to any other number and also 
the number of pixel signals is not changed or set to any other number, the present invention can 
also be implemented. 

[274] The ratio of a signal time period of the pixel signals opposite in polarity to the pixel 
signals which are continuously applied from the pixel signal lines to the corresponding data 
lines, respectively, until a time period of the sampling to a signal time period of the pixel signals 
of the original polarity is determined on the basis of the degree to which the fluctuation of the 
pixel signals in the corresponding data lines concerned is averaged so that a quantity which the 
fluctuation mean value gives the display of the pixels may be reduced. 
[275] In addition, the present invention can be implemented in such a way that after a pixel 
signal opposite in polarity to a pixel signal supplied through a first pixel signal line and a pixel 
signal of the original polarity have been precedingly applied from the first pixel signal line to a 
first data line, the application of the pixel signal from a second pixel signal line to a second data 
line which is carried out right after the above-mentioned preceding application of the pixel signal 
from the first pixel signal line to the first data line is carried out before a time instant when the 
above-mentioned pixel signal precedingly applied to the first data line is sampled to be held in a 
floating capacity of the first data line by a time period enough to prevent noises from being 
transmitted from the above-mentioned second data line to the above-mentioned first data line. 
[276] In addition, pixel signals opposite in polarity to pixel signals of an original polarity, and 
the pixel signals of the original polarity are applied from pixel signal lines to corresponding data 
lines, respectively, and both these pixel signals are sampled to the corresponding data lines to be 
held, respectively, to thereby average the fluctuation of the pixel signals, whereby the present 
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iqventiqn can also be applied to the driving of a pixel matrix which becomes useful in the display 
on the pixels concerned. 

[277] Moreover, in any of the above-mentioned embodiments, the description has been given 
with respect to the example in which the sampling is carried out twice to write the pixel signals 
to the corresponding pixels, respectively. However, the present invention may also be 
implemented by being applied to a liquid crystal display device for sampling pixel signals once 
to write the sampled pixel signals to corresponding pixels, respectively. 
[278] In addition, while the description has been given with respect to the example in which 
one frame is divided into four sub-frames, it is to be understood that the number of division of 
one frame into sub-frames may be set to a suitable number for implementation of the present 
invention. 

[279] The previous description of embodiments is provided to enable a person skilled in the art 
to make and use the present invention. Moreover, various modifications to these embodiments 
will be readily apparent to those skilled in the art, and the generic principles and specific 
examples defined herein may be applied to other embodiments without the use of inventive 
faculty. Therefore, the present invention is not intended to be limited to the embodiments 
described herein but is to be accorded the widest scope as defined by the limitations of the claims 
and equivalent. 
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